i.'.MGN OF A GROUP OF MILITARY TIMBER 
BRIDGES EMPHASIZING LOGISTICAL 
ECONOMY 



MICHAEL' MOSTELLER 



Libra 



ry 



l; b - Nav ‘ 1 Postgraduate School 
Monterey, California 



*•1: c A . \n I . I LI "X .X ( ..I , 



\ I'.Ifiu sn^AM'l 



by 



? ‘TOMAS L MO THLIO 



JUIiS 1951 



Submitted to bho faculty of *na*«laer oljtaohuie Inatltuta, 
Troy, Wow York, at partial fult'illaant of tho reruiromonta for 
tho d«*r«o of Hr h tor of ’olonoo in Jlvil Vigitiaarin^;. 



TABLE OF CONTENTS 



i. ir^r^cTrirv 1 

A. Object 1 

S. History ........,,..,1' 

C. Objective ... ..........2 



ii. seers 4 

A. Types of Bridges 4 

3. Load Oap'cities ..... ....... 5 

0 . Traffic Jupscity , . 6 



III. DE3IJJ JR IT :..C\ 7 

A. ”ene^nl ...♦'. .......7 

B. Design VeHclon 7 

7, 'idtli of Hocdways 9 

D. Other r )esi«m Load* 10 

E. Al lovable Unit Stresses 11 

F. Governing •leai'Tn Loads l4 



IT. ream o' 1 r tco a*;. 17 

A. ’Tacking 17 

B. Stringers 27 

7. Floor-beans . 59 

•/. Oi TviSAtt 46 

A. Osneral .46 

3. Stress in Matchers .46 

3 . Jasign of a.abers 5® 

D. Truss Details ,...67 

vj. su 4API0N i-n xfULUiia z 74 












■* 
























ir-m cr a imobp c ? »iLir>i»y Tii'ac-' -it/ . 



aCTUIZI H LQ1I .TIJAL 70NCMY 



I. IRTRC 'XJJTION 

A. subject - The subject of this thesis Is the development of 

* design for the more common military timber bridge structures which 
might be utilized by the U. S. Marine Jorps with the spooific in- 
tent of effecting standardization to the fullest practicable oxtent. 

B. history - Military bribing operations follow a enerel 
pattern dictated by doctrine bom of practical necessity. hon in 
the course of oonbat a stream crossing is encountered, the structure 
initially employed to provide more or less unrestricted vel ioular 
passage is usually a prefabricated bridge such as the fixed panel 
type Bailey Bridge or the floating type ponton bridge* us d so ex- 
tensively in Vorld ar II. Th- se structures are desl<nei with a 
view toward rapid sroction under advereo combat conditions and adap- 
tsbility to a wide range of eite conditions. After the advance has 
progressed forward sufficiently a sami-psrmanant bridga is constructed 
and the prefabricated bridge dismantled for further use in direot 
support of the oombat operations. *hort span semi-pemanent bridges 
are also frequently used in the improvement of main supply routes 

to erosn narrow gulches and ravines or minor drainers channels. 

These semi-permanent bridges are commonly - ede of timber due to its 
ease of fabrication with the tools ordinarily available to the con- 
structing troops* 



1 



Xn the peet timber bridge* have often been declined by the 
person direetly in oherge of it* construction according to the 
site condition* being confronted and the materials available to 
him at the tie*. This meant that the time required to design the 
structure occurred after the job was encountered, often aa not the 
design was by "rule of thumb 1 * processes, the desi n was forced to 
fit the available materials and the construction procedures were 
devised on the "individual problem" basis. These undesirable 
consequences wore re* lily recognized and ae a result standardi- 
zation in certain respects was instituted to varying de roes at 
levels rangi.n free the construction unit to the engineer officer 
responsible in a -Ivan area of operations, however standardization 
in the »ain has always been limited by availability of materials 
as opposed to making specific timber materials in grade, aize, 
length, eto. available acoording to the requirements of a standard 
design. 

0. Objective - The objective herein is to predeein as far 
as practicable t v e so . i -permanent timber bridges whici are most 
ore .only employed by the U. A. Karine 3orps in military operations 
aacordin* to the varyin damand of traffic capacity, load capacity 
and site c-nditione; and to determine the extent to which standardi- 
zation of construction dstalls, structural desi n and component 
materials ra uired is feaaible. In ao doing it may be possible to 
Improve efficiency in construction by training erection crews in 
the fabricetion of standard joints and datsils, to produce the most 
economical but satisfactory desi, n by deliberate predasi-n acoording 
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to accepted engineering design methods, to reduce the ti%o re- 
quired to complete a bridging job by eliminating th« bulk of de- 
sign after job aeelgnment, end to improve the efflci»ncjr of pro- 
curement, stocking end supplying timber materials that will meet 
the job requirements. 
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II. 



A.. Typos of Bridges - Though many typos of brides are usod 
for ssci-permr.nent installations in tho combat zone, tho timber 
trostle brid e is by far tho most prevalent. This is duo to tho 
foot that such a structure requires the least amount of material, 
it is oost easily and quickly con struct© l and its suitability to 
a particular sito is not Halted by the total sp*n lenrth of the 
crossing. The trestle bridge is applicable to those sites that 
are either dry or the streams are comparatively shallow, olow-aoving 
and ^evo a reasonably firm bottom. Fortunately these roquirei-ento 
are met in many crossings. In those instances rfhore the nature of 
the site precludes the use of a trestle type structure, some type 
of truse bridge may be suitable. .owever if the required truss 
is anything more than a simple short span truss, it is usually the 
practice to put in a fixed panel type brid e such as the Bailey for 
semi -permanent service. Inasmuch as the primary interest here is 
standardization, the types of bridges to be considered will be limited 
to thoee which occur frequently enough to cause standardization to 
be profitable; i. a., the timber trestle construction end simple 
truse bridges of limited a-an practicable for timber construction. 

Since the structural design of a timber trestle bridge is not 
a function of its total span length, there is no limitation in span 
for this type of construction to vhioh standardize ion will not be 
applicable. However in tho caae of truas type bridges only thoae 
open lengths will be investi ated that can be c *stnacted from tim- 
bers required in the trestle structures it being felt that Ion- er 
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a. an* will be of such infrequent, occurence that conaiderations 
of standardization will not be worthwhile. The limiting span 
for truss brid^-a will therefore hare to bo determined as the in- 
vestigation proceeds. 

B. Load 'Japacities — The nature and magnitude of loads to 
be carried by nilitary bridges oan be predicted fairly well be- 
cause they will be used almost exclusively by otaai*rd military 
vehicles whose maximum gross weights and confii uration are known. 
During the , renter part of *orld *ar II it was oon. on practice to 
build main supply routeo to a capacity of 55 tone per lane. This 
particular capacity limitation was due to the fact that the 
heaviest commonly encountered load wee the ’ eneral wheman 11 type 
tank, nominally a 55-ton vehicle. outee de-»" ding heavier load- 
carrying capacit, wore infrequent enough and occurred at such 
placea aa to emit special consideration cf brid, ing , roble-a 
without the pressure of extreme military urgency, however the 
evolution in tank deai t n during tbo latter pert of -crld ar II 
and since Ub changed the situation somew'4it. First the ohvraan 
woo modified to improve its fire power and in so doin ite fighting 
weight increased to approximately 57 tons. Then tl*e "central I at ton * 
tank of ap roximately 46 tons gross fi'-htin* wei.lt w*>s introduced. 

In the li. ht of experience in the > orcan war this tank sr. peers to 
bo supplanting the ^Herman as the principle armored vehicle for 
r.enoral purpose combat use. Therefore it seems t' at a route opa- 
city ovorned by t^e loads Impooed by the btavior etton tank will 
in the future costs to be the usual requirement rather than the 
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special case. There are relatively few ve v i?les eopley-d in com- 
bat by the Marina Oorpa batween the 57-ton and 46-ton wei-ht class 
and therefore on those routes which the Patton tanka will not be 

A 

used, the 57-ton capacity ie atill a reasonable upper limit to pro- 
vide for the tranait of all other common military traffic including 
the lighter iherasana. Hence from the point of view of standard! ra- 
tion, brid as of two load capacities will be dealt withj that i&ioh 
will carry up to and Including the Sherman tank and that which will 
carry the .'atton tank, 

0. Traffic Capacity - Military bridges providing, a »>«ns of 
stress crossing generally have a maximum of two lanesj one in either 
direction. C n cany occasions single-lane bridrea are built ao ie 
the eaae when the highway la limited to one-way traffic for military 
reasons. In those isolated instances where mere than two traffic 
lanes are required at a single crossing point, separate bridges are 
built sufficiently distant from aach other to preclude complete 
traffic stoppage by a single hostile attack. For these reasons, 
the proposed standard design will include only single-lane and 
double-lane bridges. From practical considerations it is probable 
thet the truae design will be further limited to single-lane bridges 
only. 
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III. 1AIT IA 

A. General - Insofar as ractlcal and except in those in- 
stance* where *odif icetiona are deeded neceee-ry b6C«^ee of military 
considerations, the U**rican Association of t«Le * I.hway Cf'lcialo 
standard Opacifications fcr I i. hway rid es • .'Stion'l nig'* 
Specification for tresa-gra!* Lumber and It* *-•*«' i:> a will ovarn. 

B. "Vaign Vehicle* - flirwse t**o llrht "rid. e Is to be 'e- 

•irned a ecifioally to pass the %h»<r , *n te . *3 *11 ** • -y v i«l» 

of e-ual or le*» r ro*s weirkt it i* a. ro. riata to u~- that t**n«r na 
the desi-n vehicle (Fir. 1). It has a -roar wif’-’t of 7^,000 nounda 
distributed ca two traces that are Rh in^h6* center to center. nch 
track ia 16 l/2 inches wide with a round contact Ion th of 1^7 
inches. Thie result* in a uniform round pressure of 1^*25 pound* 
per inch for a length of 1*»7 inches. 3uch a desi-n vehicle will 
po*e th* moat severe loading with regard to bending and a r ear in 
atrinrere and floor be‘ »a as well as stresses in bents ft d tnsses. 
However tho well distributed natur* of th* los \u» to th- track* 
doe* not i reduce a critical condition for •trea-ws in t*« de**’ c. 
Therefore it ia neceeeerY to S' lect coepanion w » l A d v-^icle of 
equivalent gross weight to be used for design in tM» in«t»ro®. 

There is no particular wheeled vehicle of ap-roxiaatel tons 

rose wei ^ht whose us® i* sufficiently wldea 1 read to warrant 
aolcction aa the limiting vehicle to be ‘ t aaaad by the light bridge. 
However the hypothetical II 29-3 16 truck of the A. A. - .1 .0. affords 
a wheeled vehiclo of approximately tha required weight magnitude. 

And the use of this loading for the deck design does not eeeo 
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Fig, 1 Design Vohiole for Light Bridge 





Fig, 2 Design Vehicle for Heavy 3ridge 
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uar*ft»anabl* inasmuch as it produce* a major wheel load of 16,000 
pounds distributed over 20 inahea of width an compared to a wheel 
load of 14,000 '-’ounia on an tffeotiv* width of 26 in^ea found on 
cn« 'articular military vahiola in th* 55-40 ton weight rang*. 

Similarly th* i atton tank (Pig. 2) will be ua«d aa th* design 
vahiol* for th* heavy bridge. However in order to anticipate future 
modification which lneritably raault in weight increase, a groaa 
wel ht of 110,000 pounds inataad of th* currant fifhtinr wsirht of 
92,500 pound* ia considered more acprooriat* for deaign purpoaes. 
Thie tank has two tracks 110 inchea canter to center which are 24 
inches in width end haw* a ground contact length of I 52 inch**. 

It produce* a uniform ground praaaur* of 15.06 pounds p*r equaro 
inch and a uniformly distributed load for aach track of J52 pound* 
per Inch, Afnin th* companion wheeled vehicle for design will be 
a hypothetical truck-tractor with semi-trailer of 108,000 pound* 
roao weiht proportional to the K-S loadin of tha A. A, .» . 0 . 

Such a •lealgn vehicle with a maxiaum wheel load of ^4,000 pounia 
diatributai ovar JO inches of width compares favorably with 22,900 
pounds on an effective width of $2 l/2 inchoa encountered an one 
particular military vehicle. 

0. 'idth of Roadwnya - Tho required clear width between 
■ u-*rd tirabero for t v e sinrle lane lirht bridre ia det>r* ined by 
aasuainr that the nximua overall width of vehicle to uaa the bridge 
to bo 10' 5 inohea and permitting a 24-inch arrginal clearance at 
each 'ide. This result* in a clear width of 150 inches or 12 l/2 
feet. For the double lane bridge two 102-inch vehicles are 
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assumed to pass each other simultaneously with each having a 12 inch 
marginal clearance and q medial clearance of 56 inohos between the-.. 

Thus s total of 2 6 h inshoe or 22 feet of clear width Is required. 

In the case of the heavy bridge the same clearances as used on 
the li-ht bridge are applied but the design vehicle Is taken as 158 
inches in overall width. This requires for a single lane bridge 186 
inches or 15 l/2 feet of clear roadway and for a double lane bridge 
556 inches or 28 feet of clear width Is needed. 

D. Cther Design Loads - Dead load will consist of that portion 
of the woi~ht of the structure by which any particular member is 
stressed. The unit weight of lumber will be taken as 40 pounds 
per cubic foot. This fi ure provides adequately for the use of any 
stress-* raja lumber marketed in the United States Which is in a 
dried etale (15 to 18 per cent moisture content). Wominal dimensions 
will be used in computing dead weights as a matter of convenience 
since the error incurred Is insignificant and dead load rarely affects 
the required size of member drastically. 

Impact stresses will be computed as 53 p«r sent of tha stresses 

dim to live load. Tl is follows the '..A.i.H.O, specifications whioh 

require tlmt impact stresses bo computed by the formula I * 50 

L + 125 

whore I is stress due to impact, 3 is live load stress end L la the 
loaded span length in feet reculred to produce maximum stress. How- 
ever the maximum impact fraction is limited to 50 , er cent which 
would re uire that the loaded len th be in excess of 4l 3/5 feet to 
reduce the fraction. It is improbable that span lengths of such a 
magnitude will be used except in the longer truos bridges. Consequently 
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the 50 par cant factor Is both convenient ae w 11 ao o -uservetive. 

ind load* will not bo considered in the trestle bridges aa 
stresses produced by wind on that type structure are ooneidered 
negligible in view of the relatively email surface are^s presented 
to the wind. In the case of truss bridges A., 4. .X.C. a- eaifications 
regarding wind loads will be followed. 

No loads other then dead, live, wind and impact will be con- 
sidered. 

E. llewablo Unit stresses - In order to rain full advantage 
of relatively precise engineerin'* design, strese-rrado lumber with 
a fixed allowable working stress must be utilised. Since allowable 
working stresses vary net only with species of lumber but aleo with 
the several grades of a given species, it eeese advisable to develop 
the standardized design based on the epeoies and *rade moat likely 
to be available in military operations and then attempt to devise 
s method for determining required member sizes when using lumber of 
a different allowable stress. Douglas Fir and Southern Pine are pro- 
duced in greater volume than other domestic suedes and ere therefore 
considered most likely to bo available for procurement end ultimate 
use in combat areas. Furthermore it would not be fetal to uso a 
higher grade lumber than renuired by the design whereas a lower grade 
would be dangeroue. Oonse uently the selection of allowable stresses 
applicable to one of the lower grades of these two species would be 
a sound choice* xnmlnatlon of the allowable unit stresses as speci- 
fied in the •atlonal Design Speclficstien for Stress~~r*de Lumber 
and its Fastenings indicates that use of the following listed stresses 
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in the basic design will permit the safe use of moat of the stress 
redes of Douglas Fir end Southern Pine s 



Allowable l/nit Stresses 



(pounds per square inch) 



xtroras fiber in bending 
Tension parallel to grain 
Horicontal shear 

joapreaaion perpendicular to grain 
Compression parallel to grain 



1500 

1600 

120 



* 55 
ny) 



According to the provisions of the National Design Specification 
these allowable unit stresses aro applicable for normal loading con- 
ditions. Normal loading ie dofined as the application of ths full 
maximum nomal design load for a duration of approximately three 
/ears or ninety per oent of the full maximum normal ssign lead 
sontinously t v rou-hout the life of the structure without encroach- 
ing en the factor of safety. In t* oee instances whore the duration 
of the load is limited, certain peres/ita-e lncreas 0 nro allowed 
in the allowable unit stresses de- ending upon the length of time 
the particular loai is expected to be sustained. 

As previously stated the proposed deal n will be based on the 
support of dead, vehicular, wind and Impact loads only, ftith re ard 
te duration, daed load comas within ths scope of normal loading con- 
ditions if the expected life of th* bri'h e is not over three years 
which le reasonable in military construction. Therefore the allow- 
able unit stresses are applicable without any inor asa being per- 
mitted. Though the specifications permit on increase of 55 1/5 
per oent for wind, Howard J. Hansen in his "Timber ,n,,.ineering l'«n?- 
book" indicatss that for loadings not exceeding a duration of five 
minutes a * increase of JO pc r cent should be permissible and cites 
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wind loads as cornin'?- within this category. This apparent inconel®- 
tency may be reconciled by the fact that the JJ l/j per cent indi- 
eeted in the specifications is actually the permitted increaee for 
a led of eitht houra duration whereas wind loads are criinarily 
based on the hi hast sustained wind velocity for a -©riod of only 
fire minutes as determined from data of the U. . e-ther Rur©t*u. 
Consequently the specifications conservatively place wind loads in 
the ei ht-hour duration category while Hansen classes it mere 
properly as having a duration of five minutes end therefore worthy 
of greater increaee. Accepting the plaueability of a peraicnible 
increase of 50 P*r cent for loads of less than five minutes duration, 
such an increase can bo justified for vehicular lo-da eince the 
stresses induced at a point In the structure may bo considered as 
not persisting for periods in exoeaa of five minutes if the vehicle 
maintains motion. The applicability of a 50 per cent increaee for 
moving vehicular loads ia further substantiated in publications of 
the department of the Army dealin- with deal, n data for military 
timber bridges. In the case of maximum stresses due to impact, the 
epee if i cations permit 100 per cent increase in th j allowable unit 
stresses. 

To recapitulate then, in the proposed design the allowable 

unit stresses previously selected will be subject to Increases as 

indicated for -ixinum design loads of the following nature j 

Dead Load - 0^ 

..‘ind Load - 50# 

Vehicular Load - $ 0 % 

Impact Load - lOCTf 
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In conjunction with the use of steel guaset pi ft to a and bolts 

in the joint detail* of ths tru*» bridges, the following allowable 

stresses in steel will be ucedt 

Allowable Unit Itresses (pounds per square inch) 

Axial tension on net section 27,000 

Compression in splioe material 24,000 

;hear for unfinished bolts 

with washer* under nuts 15,500 

Bearing, single or double shear, 
for unfinished bolts with 

waters unler nuts 23,125 

These stresses have been taken from Departme-.t of the ir*<y publi- 
cations en ’ thourh ooisewhat greater than those found in American 
Institute of Steel Construction specifications are in keeping with 
the practice of reducing, the usual safety margin in military con- 
struction. Tho basic Allowable stresses in shear and bearing for 
unfinished bolts as -iven in the military ref*reneea are 12,000 
pounds and 25,000 pounds per square inch respectively. A further 
increase cf one -eighth lias been injected with tt e • tipulation that 
washers will be used under all nuts In ouch a manner that the un- 
threaded shank of the bolt will extend fully through the gusset 
plates. This follows from provisions found in ,1. aveeifica- 
tlons. 

F. Governing Design Loads - Proa the point of view of design- 
ing or selecting a wood member adequate to resist a desim load of 
Iron raa. nitude, the required eross-eeotional r roper ty of the member 
is a function of th total design load divided by the allowable unit 
stress. This is true irres, ective of whether the stress funoticn is 
a bendin stress, an axial strees or a shear stress. For example 



this relation may bo expressed for the oases -eitioned ae follow*! 

S = K A = P (for axial tension) A = JJV (for rectangular 

f t 2 n bean*) 

in which the required cross-sectional properties of the member are 
S, the section modulus end A, the cross-sectional areaj the imposed 
design lo**ds are M, bending moment, tensile load and V, ehear; 
and unit working stresses are f, allowable stress in extrema fiber 
due to bending, t, allowable tensile stress, ani , allowable hori- 
zontal s v tar stress, how talcing the general ca«* where X is the re- 
quired cross-sectional property, is the total deal n load and u 
is the allowable unit stress, the relation is expressed thus: 

x = n 

u 

Let D 0i , and rij represent the maximum design loads for dead 

load, live load, wind and impact respectively. Then according to 
the various permissible increases of u for the different types of 

loads we haves 

X. = »*, X 2 = °0L + P l.L *!• X,' = g DL + 'h 1 + ^ ^ 

1 ~ 1.50 U 7 2 u 

and the required X is the largest of the three* These expr* ssione 
may be rewritten us: 

*1 = *2 = ( D UL + + 0 X* = 1/2 ClJk t \L t ^ » D I) 

u u J U 

It oari be seen that the largest value of X ie governed by t> e lar - 

est value of the three expressions Dj^, 2/j (l>) L * ’i.L * ) and 

1/2 (0") L + 3 ll * :.’ow let us examine the relt tive uuaf nitudes 

of these three composite loads. 
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•tSSUne Drjj_ > ?/5(»DL 4 °LL 4 **) 

?h*n 5*% ^ ’0 , L + *\l 4 ^ 

90 ^ i\ L "* 

This states U ■'t in or«l‘r for Ml to be greater than 2/5(&% + 4 ">*) 

it i» neceeanry that be greater than twice tVe eve of ^ L °W* 

This is impractical in any reasonable de>i;n even if is neglected. 
Therefore it ia concluded that in any reasonably ec no-iicel design 
Xj will be reeter than Xj^ . 

Sext let u» compere 2/3(®DL 4 ,J LL 4 0's) *ith 1/2(2^ 4 15% + + ->l)* 

Assume V^ L 4 %L 4 °tf) > 4 °LL 4 ’V 4 »3> 

jince — 0»5 

Then 2/5(0 , h 4 4 Si) > l/2(3% 4 %i 4 \ 4 °*53LL> 

*(a il 4 d ll 4 °w) > 5(9% 4 4 3 0 

4 *9lJ. 4 ^ > 50% 4 5.9 'Jll 4 5'N 

d% 4 °* 1d ll 4 ’V > o 

This state e that for ^3(0% + D LL 4 0 ) to be than l/2(0> L « 

°LL 4 ’V 4 t, ' <> *"* of 0%, 0.10% lauat bo -renter than zero. 

Thie obviously will always be true a^ain even if 5 ia ne-leeted. There- 
fore X-> will be greater than Xj and will be the greatest of the three. 

The conclusion ia t>*et the deei;gn of wood members can bo based on 
a hypothetical design load of two thirds of the sum of dead load, live 
lead, and wind load using the allowable unit stresses without modifi- 
cation and the resultant structure will be adeauate for the loads of 
various duration. 
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A. Decking - In the interest of etn-dnrdizatlon it w uld be 
desirable to have the sasse deck: for all tha bridge a under inveetl-. 
getion. The design of tha decking will therefore be effected with 
thia objective in »ind. 

The deck will consist of two layers of lumber j the bottom layer 
is t v e deck ^ro^er which provides the structural resistance to the 
stress's pro! iced by the traffic loads a ;1 th,» top largr is the 
wesri’ - course whose -rimery function is to protect the dec!, fro^ 
dame s which mi -ht be inflicted by the uoing traffic. The wearing 
course is o- nsldered especially necessary in military brid- es because 
of th relatively hleh incidence of tracked vehicles aacn- tie using 
traffio which incur unusually severe wear on deck surfaces. The 
wearing courts incidentally helps to distribute the wheel loads 
longitudinally to the deck oroper when favorably cri.nted but exact- 
ly to what extant the distribution is enhanced in a perticular arran e- 
aent is difficult to determine. If the planks of the wearing course 
are oriented longitudinally th* load distribution will bo improved 
to the r-atest extent. At the same time ouch an arre ensnt incurs 
a hazard should one of t v a plonks bscoae loosened under tho notion 
of traffic and bend up above the floor surface. X? the planks are 
placed diarcnally across the roaiway, the load distribution is de- 
creased somewhat but probable la.a-e to th# flooring resulting from 
a loose len’c will aleo be reduced, for this reason tha latter 
arrangement is dee-cad morn desirable. 

The deck proper may be constructed in several different ways. 



17 



fhres eoanonly ussd types of ell-iunber construction are the plank 
deck, the laminated dsek and a lack son slot log of totvpjn end groove 
or a- lined or some other well-deueled fabrication, 

the torw'U'? and groove or * 5 lined deck has the advantage of dis- 
tributing the applied wheal load longitudinally more effectively than 
tha other types. However the use of such a deck In military bridges 
Is not considered prnotical for tha fallowing reneons. The tKilinoe 
or the toques wul<i not stand up under the usual handling wtiah 
occurs in getting lumber materials frets tho will to the site of 
military operations. In order to be effeotivo the jolnier fit be- 
tween planks wuoi be near perfect and such practices oe open etorefO 
in tho c octal zone might produce either swelling or shrinkage to 
such an extent as to . raoludo this, -uch Materials also retire 
more care in plaoirv, and therefore take Ion «r te put down, lon- 
oequently this type deck will not be considered further. 

The laminated deck, which consists of narrow planks laid oa 
edge without interval, has the advantage of eofibinlag fair lead 
distribution with the required structural strength for heavy wheel 
loads. The wheol load ie eosuonly assumed te be distributed over 
a width of 19 inebe* in tha direction of travel when the la- lasted 
desk le overlain with e flexible wearing oourse. Taking into con- 
sideration the stiffness of a timber wearing oourse, inoreasing 
this distribution by one third to a width of 2T> Inches seems justi- 
fied. From a military point of view the laminated deck has the 
disadvantages of requiring too long to place and presenting a solid 
surface which does not permit sufficient drains e of the deck. 
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The plank dec*, which bean tsed extensively In military 
bridges in the peat, appear* to offer the most suitable nonpros 1m 
in the various considerations of structural strength, load distri- 
bution, drainage, speed in piaoeeent end ability to withstand rou?h 
handlin'-. The llaitin feature of the plan's do 3k i» the longitudi- 
nal distribution of the wheel loud. The usual assumption is that 
with s flexible wearing course tho entire wheal load is distributed 
lonyit .dinslly over the width of only one plank. However it does 
not appear unreasonable to assume, ir, the case of a superimposed 
timber wearing oners* laid diagonally, that the full w v eal load any 
be ocnoi lerad ns distributed over the width of two planks, A 
unique advantage la found in the plank, dock with regard to drainage. 
Since its load resisting capacity doea not dotrond the direct contact 
of adjacent plsnko, the plaaks of the dock proper as well as those 
of the wearing ocura® can be laid with a small Intervening specs 
to allow nlrrcat immediate escape of rein water. The prevention of 
pending on the floor ear free is ratlwr important because saturation 
of the wood decree re a its strength. 

Up to thia point it la concluded that the flooring will ocn- 
si st of a timber wearing course laid disj onelly end e dock proper 
of either « lemlnntod deck or a plank deck. Whichever is most ad- 
vantageous from the overall point of view. 

Design of the deck entails the aoleotion of a deck section 
and determining the Ejnximua effective s on lon-th over which that 
particular deck will eafoiy support the Is aim wheel load. -ub- 
secuently the stringers are erran-ed in such a aenner an not to 
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violet* t/ deter. ined -'TiouKJ effective rsn *nd t’ « deck is then 
considered adacuato. The effective *‘«tn l«*n t of t*e ««*'?’' 1® tb* 
©enter to center a tcir.* of t 1 -* atrin arc 1*®- *l»t' of 

one striaier. In coaputin*. the ben l inf »-«>it c* •"■d t/e 
w be»l load coefficient to a proxi -te th. eentinuity of the desk 
planks la introduced. The maximum ap-lied moment in assumed to be 
eight-tenth* of the maximum 'tent If the dec< were -ctln ea o 
eimple beam between supports* o lateral distribution of th- wheel 
load to adjacent dec k spans i* taken into account. In cocnutiTv^ 
shear the usual preotice of i norin^ all lo- 1* within one plank* o 
depth of the theoretical su port is also applied. 

a ith rer.erd to selection of a tri'l 'lank deck , t 1 e •'lank 
should be rather wide to provide & substantial * -sunt of struc- 
tural etr-ngth eo well as to enhance lacir. efficl-ncy by ro- 
vidin? a larre deck surface area per individual niece handled. 

The de- th must be sufficient to provide the • tru tural strength 
necessary to permit reasonable stringer s, tci r - ,s. ’hit sjovc all 
the lank selected ntlat .*» commonly available for procure ent from 
the domestic lumber industry in quantity. A 5" ' j y l’ 1 or V by 12* 
plank fits these re-iuiraasnts fairly wall and each will be u*ed for 
a trial plonk deck. ith the same considerations in >ind, a trial 
laminated desk will consist of 2 by strips on edp*. 
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Allowable unit itroa* - f » 1600 pal B *= 130 p«i ® c 1»600»000 pel 
Uniting Deflection - l/20Q of a? an 
Aesuna dead load to bo negligible. 



Ooaign ifcool Lend - 



* Irjl 




elevation 



- - «i.l ?P* 



177777 777777 TZZZA 



« l-> 



Flexure 



W LL P ? 1 

zzt / 7.7:7:7.z : z.:z:z.7.?.zz2 

A L in A 

-e >• 




8 x 
10 




S= 



w IL L g 

“l0~ 



^D®aign 



s 2 (\h> 

5 



* j> * 

5 10 



*U L * 

15 



K *B Bf 

W l.L r = B x 1600 
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Applicable only when L< a 
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Flexure ( continued) 

FP* 



177 7777777 7 77 7 7 7.7771 



A 


n in 


/i 


i in 





M 0»»iSn = 4 (“U.) = 4*-r 7 ;(a--'>) = _2(2‘--«) 
? 5 iU 15 

M =• Jf 

(si/-o) = s * 1600 

L = n ♦ 13000 ^ 

2 W 

Applicable only when L>a 

Shear • 

W :.L VPi 



177.777777 7 7 7 7 7 //I 



<1 in 


L ~ 21 In 


d in ' 





L. In 


w. 
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I, -3d 
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V.1*, “ | <\l> = | * -atigw) 

V a ?A* 

5 




w. 



X 




= ^sl^ 

5 



I. = 2d ♦ 
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Applicable only when L <n + 2d 
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•hear (Continued) 
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\lu. airTTTTiTJTrrrTA 



A 

d in 


n in 


1 

. ^ 




1 In 


^ . 



V LL ~ 1 (L - d - -|) 

L ^ 

V >«im " -| (\l) x r(l»-d-£) 

V = 2W 

5 

§;< = gj^ji.igS 

L = '(d + f) 

- 120 \ 



Applloabls only when L> a ♦ 2d 
Deflection - 



W LL P-i 

^ 777777777 . 7777777 

A A 

t in 

** >• 



A = 0 "u>* 

4 

L = 5 *LL L 

200 55* X l f oO> f OOO*T' 

5 / i^»oo ~ 

«■ * ' W . L 

Ap licoble when L< aj Wen L> a, result la conservative 9mi 
unless deflection la critical will be a sufficient o'*e: . 
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Try Plank Task oonaitting of 5* x 12* daok propor and 2* x 12* 
waarin* aouraa. 



'actional ropartloa - 







'I 


b a 2 $ in I 

-t — H 


1 



A c b4 e 2 J x 2.625 = 60,4 In® 




In 



9 = bd* s 25 * = 25.4 in a 

T — l 

I a M J g 2=5 x ?,6?5 a = y*.7 In 4 
12 12 



U*W **51018 



wm ’Mocrt 



nastgn Wl>aal Load - 

i * 16000 lb a a 20 in 
x. « = iL s 16000 a 600 ppl 

Li* w "■ rrr 



W a 24000 lb 



a as 50 in 



w . = j£ a 94000 * 800 pel 

44 » — "sr 



Flaxur* - 

Assvcar L a a 20 In 

l c » + igoco q 

2 * 

a JO ♦ 12000 * *5.4 
2 l6cOO 

a 2?.R in 



Assuao L n - * 30 in 
4= / a4gpg 7~ 

= /^X> X as X 
/ ~Soo 

a 28. 2 In 



Shear - 

Aftoune L a ♦ 24 — 25*25 in 

L a 2d ♦ 3^2 A 
W LL 

a 2 x 2.625 * I 35 * &>*4 

a 25.4 OCiTCftfMl 



Aaatana L 
L a 24 ♦ 



a ♦ 24 a 55.25 in 
>.40 

Ai * 



= 2 s 



2.625 ♦ 



240 

ms 



X 



60.4 



a 25.4 in «CY?*53! 



Deflection - 
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a 29.8 in OK 
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Try rlanx Dtok eonaiatiag of 4" x 12" d®ok proper and 2 i x 12* 
wan r in oourso. 



Saotionnl roparfaies - 




A ~ 



5* « 



t m 



A = M * 23 X 3*625 = 83*4 in a 



8 = fad* = 23 x 3.625* = J0.4 in a 

IT " ’ 6 "’ 

I = M ; *= 25 x 3.625 a = 91.3 in* 
12 6 



LI3HT PHOT 

Daai?*n haal Load - 

• = 16000 lb a = 20 in 

W LL ~ 1 " 1#XX> = 600 ppi 
a 20 

flaxura - 

Asauao L a = 20 in 

t ~ ft + 12000 s 
~ 2 W 

= XL . ig22S X ,0.4 
= 47.8 In 

8haar - 

Aeauas I. n 4 2 d ~ 27.25 In 

l j= k(ih a) 

_j 2^ 

- 120 A 

« l600C( 3.625 «- 4?) 

1“5000 - i20 x 63 J 
= 56.5 in 007” .3 1 



ICV/Y U^ID^E 



V = 24000 lb a c 30 in 
W 1 L ~ * ^4000 = 600 ppi 

a 3C 

Aasu»» L a « 30 in 

L = ^ + lyOQ g 

= 40,2 in 



Assuae L a + 2d *= 57*^5 In 

L « 2d «■ |52 A 

w Ll 

~ 2 r 3.625 ■» |g§ x 63.4 
= 52.2 in n /'-.rj « 



Doflectlcn - 

L*yz p^B 

LL . 

= 41.2 in K 
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Try LamljMtsd U»q* consisting of 2‘* x 4" on • is o dth S'* x 12” 
soaring course. 



Sectional fropsrtles - 




d ~ 5 In 



A = bd = 20 x 5.625 = 72.5 in* 



a a K 20 x %6,y)* » *5.6 ln a 

Z * a 20 x 3.<S25~ ss 7?.* In*' 

12 12 



irm oniso*? 

*»si -n ' heel Load - 



tP!AVr BR1 r« 



V = 16000 lb a * 20 in 


W a 2*000 lb a = JO in 


■U 5 ; 8 ^! 2 = 600 ppi 


"LI* ~ K = 500 ppi 


Flexure - 




Assmbo l »c 20 in 


Aanumo L » « JO 1 n 


L «*4i2222 3 

2 X 


. _ ft 12000 . 

L a “ 8 


a 20 4 12000 x *5 # /> 
2 16000 


= 21* 13000 x 

2 2*000 



« *2.0 In 

sheer - 

Assuoe L »* 2d= 27*25 In 
L ss ,(d ♦ f ) 



i - 120A 



20 



= 16000 (5.625 ♦ *2" ) 
1^900 - 120 x ?2.5 

* 25.9 In GOYSfiJW J 



*= 56.9 in 

Asflusao L n * 2d = 57*^5 in 

L a 2d ♦ A 

W LL 

a 2 x 5.629 *> £55 x 72.5 

= 25.0 In ivm JJS ! 



Oeflcotlon - 

a 5/ dlVXX) ~ 
^ *LL 

a 9?.* in CK 
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B. #tr inhere - *ith t v e maximum effective span Ion. th of the 
trial daces determined the atriners can now be deal rvei with thie 
limitation in view. It ie apparent .fro* an inspection of the al- 
ternate design loads that the tank rather t an the v.eelod vehicle 
will i- oss the acre severe condition In the sbrin-ere for the usual 
panel • ths. In dotersining the maximum applied bending sonants 
no longitudinal distribution to adjacent pa els will be considered 
but leteral dietribution of the tr^ck load to adjacent stringers 
will be ap roxlmated in accordance with the factors s eolfied in 
the A.A.d.li. . specifications. The fraction of the load used to 

calculate the bending moms it is jj. whero L ie the stringer opacing 

0 

In feet and J is a constant depeiding on the number cf traffic 
lanes and the type of deok. For a ainglo-lane bridge 1 ie 4.00 
for a plank desk and 4,50 for a 4-inch laminated dock; for a double- 
lane bridge ' is 5*75 fa** a plank deck and 4,00 for a 4-inch lami- 
nated deck. Those fractions are considered appropriate even though 
they are specifically applicable to concentrated wh-el loada where- 
as a uniformly distributed track load ie being dealt with in the 
case at hand. The fractions contained in the A. A.S,»..0. specifica- 
tions were In all probability derived empirically for a eln/.le 
concentrated wheel load at aid span, for that is the position in 
which the load would bo placed to compute the maximum bending moment. 
The frsotion merely refloats the fact that as the stringer under 
the ecncentrated load defleots and the desk also deflects, the 
•trlnrer ie relieved of a portion of the load through the action 
of the deck in resloti 1 ' the deflection. In other words nfcortien 

f 



of the concentrated lead la laterally distributed to adjacent stria - 
ere by virtue of' the stiffness of the doc v . : or an the concentrated 
lead la *oved away fro.# the oenfcer of the span toward tho end of the 
stringer, tho defleetlon decreases an.! therefore the ability cf the 
deck to distribute the lond laterally ie not fully used. For ex- 
ample at the quarter point the relief duo to lateral distribution 
le ©peroxlaately eighty per cant cf t v *t at the mid point. Co, for 
a unlfonaly distributed load it is slightly inaccurate to reduoe the 
intensity ef load throughout its entire length on the bad* of the 
reduction applicable only at aid span, nut it is felt that this is 
adequately compensated for by the fact that no analytical conaidere- 
tion is taken of the stiffness of the wearing course whleh in offset 
improves the lateral distribution at all points of the strins-ar span. 
In eouputinf; horizontal shear in the stringers the eeac decree of 
lsterol distribution will be considered effective? however no lead 
within on-t striker’s death of the theoretical support wilt be 
associate! with ohe*r at the neutrnl axis. 

From the foregoing discussion regarding lateral distribution 
it is seen that the size of the stringer required to support a par- 
ticular load will vary with the stringer ©pacing. Tho etrlr -er 
epeoln-' »ay be varied at will between a practical minimum and the 
■ax j aura effective deck span. With standardisation in mind it would 
bo desirable to have tho stringers for the various bridge structures 
ell tho s<w» size. This may poasibly be accomplished b y using near 
maximum etritver speoin- for the light bridge and the sene stringer 
at a closer spacing for the heavy bridge. Such will bo attonptod 
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in the eubaeouent design. 

Aloo with rerari to stringer opaoinr it ia probable that the 
strin-era in one -cnel will ’-ay. to be offset laterally fro* 
atrin era f adjacent parole. Thie ia necessary because the face 
of the aa-oortin- .eaber, either a floor bccja or a bant cap, will 
in all • robabiliiy not be wide enough to provide «uffioient bearin 
area for stri-' era placed end to nd. Cn the oth -r ’ and tw.o curb 
blocks at either aide cf the dear roadway, which must be celinn* r 
for the entire leapt of the structure, will no doubt be jolted 
throu -h to the o tside etrin era. Consequently tb* outalis sstrln^- 
era *uat be in lin* end to end dearlta tJ • limited < rin atwa. 

Thia situation is not considered eerious because the outside etr^.ers 
ero not subject to the loads that the interior stri ere must with- 
stand due to the fe't thet traf ic loads cannot be au erim-oaed di- 
rectly over t^ea. and yet for t ;e ea’<« of unifor. ity the/ will be tho 
aaao size. l v is therafore concluded that tho atri< or s acini., L, 
in a f articular p<nel will be constant *ro . left to richt with tho 
exception of the rirht end race .‘hich will bo L l’as o.»e atrin' or’a 
broadth. Tien in adjacent panels W - interior atrin 'ira will be 
shifted loft one stringer's broadth resulting in a constant auacin. 
froa ri ht to left except for the left end space wlich will oj.ain be 
I. lens ono stringer's breadth. 

In selecting the actual stri' »r ectlon f • c * ration of 

let 1 "1 bioslin of the corpr-sslon f* o- ^<*1 U* t> it • c* it. 

1\ ti'* **r is si an this i' ef'ected not by var;ln t' • alio* vbl» *:•- 
p-'C»-io*i « re*' *Ci Tdir to t>e s r a. • > -r-jti <1 tw artist of 
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the beam but by stipulating the limiting depth to breadth ratio of 
the beam for v«r Soria egreee of lateral an oort accorded the 30a- 
proaalon face. If th* ratio of d*pth to breadth la 2 or lees to 1, 
no lateral sunport 1* required. If the ratio ia betweet 2 and 5 to 
1 ( the ends of toe beam must bo positively held In place. For 
greet or ratio* of depth to breadth acre elaborate lateral support 
la prescribed,. In order to avoid lateral support of stringers al- 
together and attendant inelusion In the floor design of devices 
necessary to provide such support, strlnctrs with a depth to broalth 
ratio no reater than 2 to 1 will be uaod if practicable. 

The panel length is aseuned to be fifteen feet. TM» will 
pemlt the procure urn t enl u*» without cutting of aixteen-foot 
atri v ore which lea oemaerelally available length, ''roster panel 
len-t** will entail pror^rtienately larger end Itm-er stringers 
and it is fenral that etrin-or siis timbers of over nixteen feet 
in lenp-tn an y be difficult to obtain in quantity. From a lo isti- 
onl point of view it would be difficult if not impossible to de- 
termine the most economical panel length becaueo of the many 
variables involved. For the no ran sons fifteen feet hos been se- 
lected as the upper limit of practical panel length for the pro- 
posed design. Furtberraore this selection will perait use of lesser 

anal lengths with the determined strin ers without any danger 

* 

should the situation do »nd it. 
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StKlWllfin 063137? 



Allowable Unit tn sa — f 
Aosuno 15-foot panels. 



= 1600 pci ?! s 133 pel E = 1 , 600,000 psi 



Oesign Load - 



Inn 



777inm 



•lsvntioa 

(per trr*oV) 



w L -PPl 



777777771 


77777 T~rm 


a in 

-< >- 




8 in 

-< >- 



Flexuro - 



v Lh ppl 




I«t L » center to center opecin™ of stringers in imho 3 

Let 5 ~ ocnstant for determining lateral distribution fraction 

*DL ( for ~ * {> x k 40 - 0.1>?L 



12 12 12 



WotCfor stringer) 
*0L (total) 

M 



* 0,1^?L (estimated ocne aa for deck) 
= 0.278L 



l DI» * —~L 3=1 Q» <, ?gL x 160* s 11271 , 
8 8 



M r , S * 1 T - -k. , ii (I - *) * L 

"LL M* x l2i j x 2 '2 r 1923 
^Deaigo s 1 (%, * M LL) = P/^l + v.(^O-e) ] £ 

3 L a&w J 

i= ? = ife[w 4iH'- = t 0 -* 7 * 



S0-«) 

1000J 



A 





iTfllMCT*’!* Xiil'n 



Sbmnr - 

n Uj f#i 



177 7 77 7' 7777 77777777771 



A 


a in 




1 c 130 in 





V DI 15 2 x ISO es ??5L 



V. * cs LL x I x s. - a L x £ « >■ j, 

12J 2 2a 12J 2 *60 



r 0®sl{5a ~ ( V 7, ♦ 85 -| ( 2% ■* L) 



a - JE ~ -L. 

2K 120 



(25L+ -JJJj l) =[o.21 ♦ ^j]t 



ja 



v > ' S 

\ \ \ \ ^ ^ v 'j 

i 
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For Light Bridge, 
w * 7 /OOO lb 
Rqd * =£ 0.47 * 

Rqd a 0.21 ♦ 
Per Lirht "ridge, 
V = 74000 lb 



•ingle lnne, clank deck - 

e ss 147 in a * 4.00 
It * 9.02L 
I* 51 5.42L 



V J 

n 



?mr ~ 1 



double lane, plmik doe*': - 
a * 1 /i? in 0 « 5.75 



Rqd 8 * jj).*7 ♦ 4^^] 1 * 9>59L 

Rqd A « |o.21 ♦ ^ 5 3 -] L « 3.64L 



Per sake of standardization let slightly larger requirements of double 
lens bridge govern for both structures, 

Required clear read*® jrei 1 ffiingle Lane - I 50 in and double Lane - 264 in 
A a suae curb blocks to bo 8 inches wide. 



Trial 


Klnisusi 


Required Required 


Trial 






Stringer 


■ stringer 


Seotion 


Ares 


Stringer Feasible Spacing 


Spacing 


"read th, 


Voduluo 




"is© 


Single hem 


Double Lane 


L 


b= 2 (L- 3 S. 3 ) IFQ.'fth 


a=5.64|. 


b x d 


n st >.=wL*H«b=l 58 nfttb=nI/K-t*=272 


41 


10 


393.19 


149.24 


10x18 


5at4!=l2^31=154 


6at4l=246*31s277 


40 


8 


3» 5.60 


145 . 6 O 


10x18 


5at40=l20i 50=150 


6st40=240* 30=270 


39 


6 


374.01 


141.96 


10xl6 


5et5?=n7e29=l46 


6et$«2*4e * 9=263 


3» 


4 


564.42 


153.52 


10x16 


4at38=152* 29=180 


6a t3G=23S+ 33=256 


37 


2 


334.65 


154.68 


10xl6 


4ot^l48+27tel75 


7at>rte25^2?te2S8 


36 


- 


345.24 


131.04 


10x16 


4st 3fl=l44» 26=170 


7at56=252+ 26x278 


39 


- 


535.65 


127.40 


10x16 


4at55=l40* 25=165 


7at3^=24^2^270 


34 


- 


326.06 


125.76 


10x16 


4at 54=136e24=l60 


7at 34=238124=262 


33 


- 


316.47 


120.12 


10x16 


4at53=l 32 ^ 2^155 


8a 1 55=264* 2^=23? 


32 


- 


306.88 


116.48 


10x16 


4at52=12/H 2^150 


8at5'^2*6+23=278 


31 


- 


297.2? 


112.84 


8x16 


4nt51«l^ 25=147 


C* 

I 

§ 


30 


- 


237.70 


109.20 


8xl6 


5«t pCs=15(H23=172 


6st 50=240 23=262 


29 


- 


278,11 


105.56 


8x16 


5 »t 29=l45e 21=166 


9nt33*26i*21=282 


28 


- 


268.52 


101.92 


8 x 16 


5st' 5 0=l4o 20=160 


9atSO:253i 20=272 


27 




253.93 


98.38 8 x 16 5«t2?tel59^19*154 

10x18 (3=484.90 and A = 166 . 25 ) 
10x16 (2=380.40 and A = 147.25) 
8x16 (' 1 = 300 . 5 ! nnd A = II 6 . 25 ) 


9*t2^243*lS =262 
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rdixmfcA an>i« 



"•r Heavy dridge, •in r ;i« lano, pl«a< deak - 



W c UCOOO lb 
Rqd B ==^0.47 a 

Rqd K =£o.Sl •+ 
for Heavy >ridge, 
V = 110000 lb 



a * 152 In 3a 4.00 
...ffifrfti] h = 12 .71% 

4610000 J 




double lane, plank daok- - 
a = 152 in 1 = 5.75 




For sri'e of standardisation let oli^htly large? ro quire. sent 8 of double 
lane bric!~e ; "Cvom for both Btrucsturca. 

Required oloar roadways* .tingle Lane - I50 In and Double Lane - 264 in 
Aeource curb block® to be 8 inches wide. 

Trial ^lnSeaw Required Required Trial 



Stringer Stringer 


Section 


Area 


Spacing 


frendth 


Modulus 




1 * 


t*=2( l^-52.2) 


3=15.70L *=5.501. 


51 


mm 


424.70 


164. Jf 


30 


• 


411.00 


159.00 


29 


- 


.397-30 


153.70 


28 


*» 


53?.60 


148.40 


27 


• 


569.90 


143.10 


26 


- 


556.32 


157.80 


25 


- 


542.50 


152.50 


24 


- 


528.80 


127.20 


25 


m 


513.10 


121.90 


22 


mm 


501.40 


116.60 


21 


- 


287.70 


111.50 


20 


- 


374.00 


106.00 






10x18 (3 


a: 484.90 






10x16 (a 


= 580.40 






8x16 (0 


= 500.51 



Stringer roemible ^peolng 

Size S inrle ! ana Double lane 

b x d n t LPnL*L-b»l:?4 v>ti^^L-6=244 

10x18 6at5lPsie-6+2lK207 lOetJls^lCH 21*551 
10*08 6at5C^l80+2CK200 nat50E=550+2C*=550 
10x18 6at2?=l 7^1^=195 llatnpKjl^-lSteJjS 
10x18 6at29cir'S4lQBl66 12nt 28^^56+ 1^=354 
10x16 7nt2(*=l89+17*=' , 06 12at27!=5^M-17t=54l 
10x16 7at26=182+ 16*196 1 jet 26=358* 16=554 
10x16 7<it2?=175+l , * B 190 l?at.25=^9+19=j40 
10x16 7at24cl68el4=132 I4at24=556+1*«350 
10x16 8at23=lC4» 1 9=197 I4*t25=522* 19=555 
8x16 6nt 23=176+ 1 4=190 I5at2£=550*lte544 
8x16 9«tW=l69+l 5=202 I6at21=556+1?=549 
8x16 9at20=l£0+ 13=192 178423=540+13=552 

and A #s 166.25) 
and A ts 147.25) 
end A ~ 116.25) 
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P w Llfjht ridge, single lane, lsadnstad deck - 
W * 74000 lb a * 147 in J = 4.50 

nqd 3 S ^0.47 l = 8 . 071 * 

Rqd A *= j^O.21 + jT^r] 4 E 5.07L 
For Licht 3rid^ f double lane, lasiimted desk - 
y ~ 74000 lb a = 147 in 0 = A . 00 

iqd *£ 0.47 * ** s • 

md*»[o.a» L= 5 .«a 

Far sake of standardisation let ali*htly larger raquiraaanta of double 
lane brilg* govern for both structures. 

Required clear roadways: Single Lana - I 50 in end Rouble Lane - 364 in 

Assuate curb block's to be 8 inches wide. 



Trial 


Mininun 


Required 


Required Trial 






3trJn*cr 3trin~er 


dec t ion 


Area 


Stringer ?o ooi ble 


epacingt 


Spacing 


Oroadth 


Modulus 




si^e 


Jingle Lane 


Double Lane 


h 


l*=2(L-22.9) 3=?.02L 


A*=5.42L 


b K (1 


na tij^nlt L~l*‘l 58 


natl;=nl A L«*b=372 


55 


8 


297.66 


112.86 


3x16 


4ot 55=1 5^2^157 


8nt55=?r4+2>239 


52 


6 


338.64 


109.44 


8x16 


4et3»iaflc>24Ki5;j 


lint 3 &='.'> 56 + 24=230 


51 


4 


279.62 


105.02 


8x16 


4at31»l24f2»s=l47 


0Rt3i^2W2?2371 


50 


2 


270.60 


102.60 


8x16 


5atJCfel502^172 


8ot3Ct£40*23=262 


£9 


mm 


261.58 


99.18 


8x16 


5ot29El4^2lPl66 


9at29=^l+2Jp282 


28 


«* 


252.56 


95.76 


6x16 


5at23=l4o* 20=160 


9at2f^!5^2C£=272 


27 


s» 


243.54 


?3.?4 


8x16 




9at27Ss345t 19*26-3 


26 


« 


254.53 


88.92 


8x16 


5ot26=150kl8cl48 


10nt2*=25OlCK278 


25 

24 


SB 


225.50 

216.48 


05.50 

82.08 


3xl4 

8xl4 


6at 25^1 50* 17^1^7 
6at24cl44tl6=l60 


10ot2^5017*267 

Hefc24E^4tl6a=290 



0 x 16 (G * 500.51 and A jb 116 . 25 ) 
3x14 (3 * £27.81 and A as 101.25) 
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flTRirrr *231*1 



Fer heavy ridre, 
W * UOOOO lb 

Pqd i « £o.47 ♦ 

Rqd A &= jj3.2t + 



single lnnc , laminated teak - 
b = 152 In 9 » 4.«0 



iSiooar 



L = 11 . 50 L 




L » 4.4JL 



For Heavy Eridge, double lens, laminated deck - 
* * UOOOO lb a ss 15a In 0 = 4,00 

*<d s « [o .*7 * 4 {^ J 1 E 12 * 371 

Plqd * * [o.2l ♦ ] L = 

For eako ef etendardisatlon let allfHly lnr.er requirements of double 
lane bridge "overn for both structure*. 

Po ulrcd clear res 'lea vs* Single Lsna - 150 in an. I Double Lane - 264 in 
A esurae curb blocks to be 6 inches wide* 



Trial 


• iniro.** 


Required 


Required 


stringer Striu-er 


Section 


Area 


bpacinp 


'.•reedth 


Modulus 




L 


b= 2 (L- 29 . 0 ) 


J= 12 . 87 L 


A*=4.98l 


25 


- 


2 ? 6.01 


114.54 


22 


- 


285.14 


IO 9.56 


21 


- 


270.27 


104.53 


20 


mm 


257.40 


99.60 


19 


- 


244.55 


94.62 


18 


• 


251.66 


89.64 


17 


• 


218;79 


84.66 



Trial 

dtrinjsr Feasible 3rnci tift 
dice Single Lene Double Lene 

b x d nat!i=oL-i L-b:=l*?i| n«tb**iL* L-b*544 

8x16 8*t25=l34*13=l ! 99 l^et2>=522»l3B55r 

6 x 16 6et23=176»l^i90 15at2?*=55>l4*544 
6x1 6 9at21=l8SH-l 5=302 I6at21»j 5^1525^9 
6x1 6 9*t 2Cfc=lGCHl£!l?2 l6at20=520U2=352 
8x16 10atl9Kl9OUl«a01 17etl9=52^-ll=3>4 
8x16 10atl8=180*10=l90 18*118=524+10=554 

8x14 iutl 7 *ia?t 9*196 19ntl7-??5t 5*552 



8x16 (3 C 500.51 end A = 116.25) 
8x14 (3 “ 227.81 snd A - 101. 25 ) 
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Vt tMs point It *1*1 t be well to tentatively eeloct the das 1 : 
vs well ns t v o otrirj *er «I^o end oorrsa po -'din;* tr-ooin before pro- 
oeedin* further with V~» 'leoljyu ’evicvfin Its trial J»o';n treated 
earlier, St is a *aront t v st tbs 3* by 13* clank ’cok results in a 
maxi-nri effective dsci a^nn which is scrcovkot low* "hie would en- 
tail the use of a iar-o mentor of atrlr. n?rs aloaal,/ s need wMcb in 
turn would unnecessarily increase construction tisse* *m W* by b* 
1-r‘iuatsi dook efforo bcu« ir^roweawnt in tMe r^e-ect in that it 
'09c'‘8<"nti more struoturnl stren-th and therefore will rnfoly anon a 
-renter -'•■ l otanae betwwsn otrlnyn-s, fowever, it *as ti» inherent 
disedvanto-os, ss rorionsly pointed out, of roqulrin tedious 
rl«o»"w-nt on ! sjfhibitin noor drains ® characteristics, hose t «> 
dioa ’vants-ca do not a '••sw to be outweighed «w*n co*rerin^ the 3“ 
by ‘' l * la inots .5 deck with the V by l /> " tlenk d'-c', v’hs b* by 21'’ 
leak deY' permits even a wi lor lntitude in the selection of 
■trinyer s anin », w* ich is --articularly iarorbsnt if the art. a 
stria - r section is to be u^d in bot* t a 21-’. t aid heavy bridge* 
It also el 1 instea t r e oaaible difficulties mentioned durin- con- 
struction and ervico. 

"n examination of the taljulnted dnta. pertaining to otrinr-or 
leal ci indicates that tho lmninntei Is ok , because of its roster 
ability to laterally distribute the load, requires © all htly 
aoaller etrlnyer section t v «n would the plank deo v for the tie <c 
otr.ir.qor sneoln > "o waver the difference is not of qr»»t ispor- 

tBOce In the 11 ht of t'-e foot that stringers rust be selected 
from * qrour> of coat er dally available oi/os onl will .ot luot 
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•otiofy the de:«*arvds of the analytical requireaente. 

Predicated on Ve desire that the stringer apaoln^ ba in avan 
laches for eisplioity In construction and that the required clear 
widths of roadway be adhered to as eloe.»ly ae peaeible, the uea of 
5* x 16" etri r«ra at 13- in eh epaoinj for the liqhfc bridre and 82-inch 
e'ealny for the heavy brilge orcvidaa a workable eolation. Though 
ael acted for ue# \v c'njunotlcn with k n z 12" plar.’r deck the above 
arran*e < >>«*ot will take e 2 8 x 4 3 laminated deck nicely wit'' only a 
alight «ar*:in of ovor-daelga if oircuaetancee in the field should 



necessitate 
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i>. floor-beams - In reoo Tiitlon of the many variables which 
affect the deal n of a trestle bent, it is questionable whether a tingle 
standardised da*S-n cculd be de vised to meat the requirements of any 
site which mi ht be encountered. The wide range of bont helghthe 
which oust be antlal-ateJ indicates that a variety of large timbers 
must be provided and uned according to the demands of the situation 
et hand. And that le the current prentice. Admittedly a thorough 
investigation could produce some Improvement but whether, from a 
lo^istlsel point of view, it would result in a r.ibatmtial simpli- 
fication of the situation ie oroblennticol. Hence an extensive treat- 
ment of trestle bent deai n will bo dispensed with here and the matter 
of floor-beam design for truss otructureo will bo undertaken. 

The floor-beeaa will be designed in t*e usual manner ao beams 
sicnly eunperted et either end. They era tc eup-ort the appropriate 
floor system, ns tentatively selected in the previous ©action, with 
the • roper deel<m tank for the live Ins ». The trusn center lines 
will be taken a» 2 feat outside of the curb blocks end conaitisred 
the theoretical points of support of the floor-beams. It la apparent 
that for the floor-beam span* requisite to the double-lane roadways 
and for the unusually large loads, it will be impractical to provide 
a single beam to withstand the resulting stresses. Though structurally 
passible. It is deemed inadvisable from a practical noint cf view to 
resort to a trussed bora or mere complex type cf construction for the 
floor been, for this reason the design cf truss bridges will be 
limited to those of sin lo-lan© width which, for military application, 
is not et *11 ino-'preprioto. n ‘ven in the one© of the flocr-beene for 
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the a ingle-lane ^rlci^es, e single been will, in ell probability, 
be unreasonably lar -© in section* The ultimate solution may 
likely Involve the une of men's than one beam at onch panel point* 

The dead load trhioh the be on or be mas mist resist will be 
taken as the dead wei. l t of the floor system in one panel le;\ th 
plus the estimated weight of the floor-bean sll applied ea a uni- 
formly distributed load between points of support* To arrive at 
an estimated panel length for computing the dead load, it la 
neoeesary to look forward a bit to the oenf i < uration of the trusoos 
V ea solve a. Let us oaeumo that the truea will be a .rsllel-chord 
1 ratt with the hoi ht equal to the panel len-th. *urtt or let ue 
assume that all trues nowhere will be fabricated fro olrtorn-foot 
len, t s of timber. The longest truss s vb*r will bo Ui® !i**tnels. 
If the le*v t’ of tho die onal is sixteen feet t »r« the ccrroopondinr 
renal length will be w -rrosi*. • tely thirteen foot. Therefore e panel 
length ef thirteen feet will be ssiured for use in th» floor-beea 
deni n. ince the uncut atrinper* ore sixteen feet lonr they will 
bo used as such and a side lap of one and a half feet at each panel 
point will eo'ur. 

Kaxlnya moment in tn* floor-beaa will be computed with the 
sent or of gravity 0 f the design tank directly over nd at the 
center of the beaus span, 'axlau-a shear will be dot* r:ined by plac- 
ing the tank to one side so that the carter of t 1 e n«nr trso’c is 
either tfree beam* a depth from the roint of au"port or nt the 
quarter point whichever is nearest tho oosm 'nd. If both of these 
points lie outside tie clear roadway, this tank will be pitied with 
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the track snu^ ajainat the euro blooic. In computing maxima* shear 
that 'xjrtion of tho deed load within one bests'* depth of the theo- 
retical cup port point* will be ijrnored, which i* in accordance with 
usual timber design procedure. 



r f oof-bfam TEann 



For Light Tnioa *riVe, single lrno - 

Allowable ,'nit tree* - f *= 1600 pel K — 120 pel T, » 1,600,000 pel 
Kamj-o two heaaa of equal eection at cash panel point. 

Aesume 1^* foot ".•'loin. *s rose wini «tr»B*no to fce nc*l* ibl >. 

T*«i -n Lend - two conse - trated loe J » ©P 37DCO tb *«:»b *h inches antart 

Baaa Tpar? - ?lf in 

load w®i»ht of one panel - 

)eo !c 15 x ■k'H x JL * 40 = ¥>&) lb 

15 12 

.trln ,ir» £ x -H x H x 16 x ^0 = ^550 lb 
nni curbs 

noer-baaa 2 x H x x f i0 ~ 2\6() lb 

1 - 1^350 ib 

Equivalent Uni form 1 Kind - 

«,,«= iQSgQ « ; <s p?i 
,L 210 

Flexure - 



> 70^0 lb 37 OOO lb 




M-r * 1 $£1 * « ?!#» = ?ft0,000 in-lb 

a 2T 

- 57000 x 6C w 3,4*2,000 in-lb 

^laelgn c ~ ( M X 4 *•«.) ~ 1 (230,000 4 2 , 44%000) s 1,915,000 in-lb 

5 5 

3 = M = 1915000 = 11^.50 in* 
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FLCKM-ak'- 3 I'M 



For Li Hat ?ru»» rld.,o, ninglo In no - ( continued) 



3h«#r - 



57000 lb 



57000 lb 



54 in 


64 in 






> 


, »x w ^ rpi ^ 




1// / / //// / / /////// / / / / / /I 


/l 18* 




130 in 


115^ 

- w 


«< 


215 la 

^ 



/ ~ *8 x lfiO * 4*520 lb 

h s 

Vt i — l 1 *™ 0 * l'*-? as AlHO lb 

V D®»i^n * ~ ( Y 0t, + V U*) ® 4 (M20 + AlllO) - J 0300 lb 

j \ 5 

A = f =?78.5S1^ 

Required 8 end A per bew» - 

R-* 9 s = ^57.25 in a 

2 

Kqd A = J 22 a 5 § * 159 .^ in* 

!» 



Try two 12" x 13* (Oc !>B6.9B) 

(tf= 201.25) 



Do flection - 



A 



10*500 x 66 M x 216* -Ax 66 a ) 

24 x i ( <joo,ogo x 5156.07 



4 «3 x *4 X 216 ** . 

J84 x 1 ,£>00,000 x 5l>6.a7 



= 0.84 in 



Penal oeiblo A b J__ % 21 6 =: 1.0ft in CK 

200 
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fmmu-rx* kjijh 



F»r W a«vy frais sln^la lana - 

Allowable Jnit «treo« - f = 1600 pai H « 130 si a 1,600,CC0 p®i 
Assume three btfo.no of aestion *t B<iib panel point. 

Aasuss* lj-foot p«n»ln. Aaaun© wind nLroa»co to be ne^li ibla. 

Dosirn load - two ocnaentratel load* of 55OOO lb esch 110 inoheo apart 

Been Jpei n - 2 1*6 in 

Dead weight of one panel - 

D*«k 13 :I ^ * F * *° * k ^° lh 

: triers 11 x x 11 * 15 x 40 a 6250 lb 



and .Turbo 



f locr-bo«» 3 * x ~ x -~-2 * AO ~ 

12 12 12 



lb 



lb 



•qulvaitf.it Onlfor* L*ad - 
= 53 PI 

59000 lb 



= ^ = 53 rol 



flexure - 



55000 lb 




««. * L ^l = 2L» 3** = «»,000 ln-lb 
m LL * 53000 * <58 * ?,?*», 000 in-lb 

M Doai^i ~ 1 ( m 0L + m LL) * 1 (**>,000 * 5,7V),0/X)) = ’’.r‘6,000 in-ib 

5 ? 

3 3 - c ?/av3oo = 17 A 1.25 in 3 
f 1 .00 
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or ;*©a\ry Trust* rid,.,©, ©in^l® lan© - (continued) 
Sh*nr - 




*Ll * * 65750 lb 

7 0©eiga 3 2 ( 7 cl + V Li) “ | (<3090 + 6OT)) ~ *79°° lb 
5 5 

k = 21 st 1 jiJ£E£2. * 523.75 in* 

2?J 2 x 120 



Required S end A por hens - 

rod 3 = Hhli '■> * 580.42 in* 

5 

Hqd A e gjllZS * 179 & in* 

5 

Try thro© 12* x 18” (3 = 536.58) 

(A ss 201.25) 

D©flooticn - 

A * **^38 * 68(5 x 2^6* - 4 x 58*) + 5 x 19, »,? x rW* 

24 x 1 ,iro,o66 x 51-36.07 ^4x 1, 600,000 x ,1 56.C7 

P«rrai93ibl©A = _1_. * ? 46 * *« 2 5 1« CK 

200 
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A. !«neral — A brief review ©f the pro roes thus for end * 

reali^-ent onto the overall objectives of tMa thesis may be in 

* 

order before proceeding further. Up to this joint floor system* 
consistin'* of wearing awrss, deck pr oper sad aurpcrtin? etrln^ors, 
have been astablinlod which will carry th© two class©* or optimum 
traffic ©a;i8ld«>'e<l -ecoscnry for the conduct of present-day mili- 
tary operations. These floor oysters* as such may he used In con- 
junction with any ty ;« bridge structure. According to pact 
practice and experience, the floor systems wculd bo inttmled pri- 
aarily for use as> • component part of a trestle bridge, lon»9"uent- 
ly to meet operational needs, it would be necessary to provii© a 
cuantity of the timber we-ihsrs which *o to make tip the floor ey*te»s 
*s well as a vnristy of hoavy post* nod ti- hors freci which to fabri- 
cate trestle bant*. A further objective herein i« to -naka the sea© 
siaoe ©f wood t eteriels so provided oore versetil© in effecting 
•troeev-crossin cs by devising a esheme whereby truea bridren no well 
as trestle brl-lftoa e** t be constructed frou the earn? cacortfrsot of 
timber sires with little if *rsy wtpr.lewonte.ry material r©"uircd* 

Assuming ttant arson™ the 1 ergo nembors intended for bent fabri- 
cation, t> cro nre provided 13" " IS* timbers of mbcsantinl length, 
it hnn been established that thneo woul \ suffieo handily for flcor- 
bewae in the trace brldjres. Tho »«toriels for the floor syet^an 
oonelsb of 2* by 12**8, if by 12 M o, end 0* x Thn irerjedint© 

p rob lea then is to datorwdna how tVson *J~09 can be aa^loyed to 
construct trusses which will be capable of carrying the twe design tanks. 



M 



Prcdic-UJ on the assumption t««v ♦>* truss m» bora will bo 
aado up froci pio;«e «nos« length ia sixteen foot or Aeon, it 
follows that the trusses will bo too shallow to >omit the in- 
clusion of ov«~ o«d temeln • In ot' ir words, tho use of n ay- 
typo truss is mandatory. With » viaw tewnrd simplicity in fab- 
ricating truacea of various lengths, it would bo desirable f at 
all panels have the saraa gseretric pattern, This indiosteo the 
c hoi so of a parallol-chord truss over « broken-chord truss. 

In timber trues design, compression raouboro mast be d* el pied 
bo columns, Consequently tho length of neater has a strong in- 
flueneo on the allc ’Stele uni t stress. On the other hand tie 
slloajlo in it otrosa applicable to a tension aiaaber is in; spoft- 
dent of its length. Thsreforo in tlte case of tha wb eabare, 
where there ia eoao ohoiee of arrangement, it would ba wore ad- 
vactaraoue to hava the abort aesbera in compression. The Pratt 
truss provide* thia dosirablo feature. Tha short vertical wab 
•embers are primarily in conpreesicn and the longer diagonals are 
in teneion. for tho ms reason, the end penal* must be full 
panels Instead of tha often used modification v’.«erain Uio top 
chord to rains tee at the lowr end panel points, tfurthoraore thi- 
mrabar ef panel* should be oven in any given trust* if coin tars in 
the aid penal are to be avoided. As previously mantionad, tho 
llnitatlon on the length of tiny Individual trur* member fix** tha 
panel lsnrtt- at approximately thirteen feet* Therefore the vari- 
ation in span lengths will ba in ineresanta of two , anol Ian* thn 
or t enty-six fact* 
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To rxa m, the ceielueicn ihu9 far ia that the truss Which 
gives tha soet promiea of wucaeeo ia a parallel-chord rott true* 
with a panel length of thirteen feat and a bei ht the ease. Various 
lengths of trusses for the two l©« i-earrying capacities will bo 
invest i-eted aca -fieing with a four-panel trues end increasing in 
length two panels #vt a tine to Use greatest practical span, 

9 . Straee in rfoabere - Preliminary to attemptin’ the design 
of any truss members, it ui^ht be well to detoralno in qenftrnl what 
the magnitul® and renge of deeijn etreasee are in the vnrioue truss 
aenibero. For this pur'oos, primary stronsee in true so* e’wsrininj 
from 52 to I50 feet for both lead classes will be computed. Dead 
Iced stresses will be determined by applying the dead weight of 
cnis-half a floor panel and tha estimated wsi ht of one truss panel 
ae f> concentrated load at each lower chord panel point. Live lead 
stresses till ba calculated under the assumption t v at only on® dssi'Ti 
tank is on the brid«« at one tine. It will be positioned laterally 
with ite track flush to the curb block to pro luce ■aaxiwu* floor bean 
reaction and longitudinally along the truss ae» that tie stress in 
the member under ccnei'Jeration is e next? u». la these *seabere sub- 
ject to reversal o? stresses, the counter atroe»oe will also bo 
deterained. Oontrory to en earlier statement, wind «tree>wifi will 
not be computed because it Is believed that they ero of comparative- 
ly minor conenquenoa. Impact stresses will be token «e thirty oor 
cent of the aaxiwtci live load etreeeee irroe-eotive of the lenrth 
span loaded to produce thnt live load stress. 
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For Ll^ht Truen Bridge, single tene - 

Deed Lend Panel Concentration - 

Fleer System ss 5.2 fc 

Traaa (oetimted) = ?»G k 

•5.0 k 

Live Lead . anel Concentration - 




R — 2j£££L, x s = ^*9 k 

For Uemrjr Truae Bridge, single lane - 

Dead Load Jenel Concentration - 

floor l/stern. = 7*2 k 

"ruse (estimated) a 5*5 k 

n.o k 

Live Lead Punel Concentration - 



55000 lb 55OOO lb 




p - 110000 X lirr 

TZ6 



€5.7 k 
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t«C8;r. me -a s 

Tor Llp.ht fm»i 'ridge, airur,le l^n», 92-foot epan - 



Head Load )tr»Bwia - 




Live Load >t ranee a - 




Oaalrjri otreeses - 

Dood Load and Live Load 




Dead Load and Live Load and Impaot 
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For He*vy fruv3 'ri'lr^e, einrle lane, 52-Coot e/an - 



' •ed Lo'i 1 •tr»B«oa - 




Llv« to* 1 Sbreeeea 




Oeal 71 ^treeaes - 

to*d Load and Live Load 





A 



0 









. 

/ 1 * 

f *• 

.* * 

• t 









vsyflr-, sr« i-. 3 



Kor ti*ht Truss rld~e, single lane, 73-foot span 



Dond Lead : tresses - 




Lire Load Stresses - 

-gtS =61*2 



- 63.9 




-5*. 5 

”5 ’ ^ 

Impact Stresses - 



TZUT 



-11.5 


- 13.4 


-*>•7 


Vl6.5 


X15.0 


V*9.3 






*'50 


M*5 




1.5 s -5 


.2 \ 


1.9 \ ( 




| 

. - ■* 




|.6 \ 
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0 


*>11.5 


•*13.4 



Design .tresses - 

>e»d Lend and Lire toad 
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For lioovy Tru*u rid.,*, alnglo lano, 78-foot opan - 



■<m*d tend •troaaoa - 






DoaJ n itroaaoa - 

LI vo 1-osd «ad *d Load 
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MKMM 5T^S <.3 



For Light Truss Bridge, single lano, 104-foot span - 
Dosd Losd trssses - 



-28.0 -48.0 -60.0 -64.0 




Llrs Load brasses - 




Oofli-n stresses - 

Ossd load nnd Llvo lond 
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For ' oary Trumi 'rid*®, lone, 10^-foot ®psin - 



!5«**d Lodd "trosiWB - 




bire ?^>dd $tr*89©<? - 




Xa^Mtot ^fcrossoa - 




Ooaifrn >tr«8d«8 - 

3®*d l-ond and Livo tend 





:,T • .3 



far light Truss Brldgs, single lens, 1 JO- foot span - 



Dost Load Strsesaa *■ 




Live Load itrsssss “ 




Osslryt Jtranaae - 

Osarl load and llvo Load 
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v»vvn RT»l*33Sa 



For Lea*y Truaa Bridga, alngla lana, 150-foot epan - 



Dead Load Streaaaa - 




Deaign 3trcaa©a - 

Dead Lond *nJ I lvo load 




)sod load end live Load end Impact 




7. Deal-n of Members - The obvious first thought in to «rv>ly 
the techniques of «ed»rn timber truss dooign using split ring timber 
connectors to transfer stresses at both Joints and splices. A 
oMrsctsriotio feature of such a daai !T n is to Jtik o the sherds out 
of continuous one-'>lao« euenbers na long ms jwraatienlly possible in- 
sortin'” snlioos between -anal oolnte where noceeonry to gain the 
required total lao-»t.b. *or th* ne nitudas of the stress** involved, 
it is not difficult to envision Joints with sn extre-uely large num- 
ber of s-l.it rin-a, end fr«r*j«nt splices in the chords also with s 
•ultltuia of eenneat-re. ®uoh a design would entail numerous filler 
bloahs and soline blocks end would also require exacting end tedious 
prec-ration of the individual pembar* for erection. Furthermore 
with the uoe f a lit rings, it is heoosonry to position all members 
mootin'- at » Joint siraultonerusly before boltinr ir. T 1 io pre.oti col- 
ly necessitates prenssembly of the entire trunn on the b»n ! < end 
thence ewirj-in it as a ooe-l-te unit into croen-etres position, •'■ioh 
in its- If i l>t ro* i a ajor ^rohlss. fi-.nll/, because of the 

interpo^ol— cint splices, such rn *rro- v «inrr:t does not leni itself 
to dsli-seti on of e well-defined bo**-? trues mJ! «-ny » »ber cf v* i eh 
could h<* out to,*- t or te revido trusses of vergin' *ffns. These ere 
the arguments which point up the need of ievioiog a "ore advantageous 
deni-'n of the mem bers mi the win *r in whioh they can be connected at 
the Joints- 

A possible solution which aft’orde cf naidt-rable improve ent is the 
use of stool ruasst plates at the joints, tinea, a* • reviously pre- 
suned, t v a individual truss ••'bore will be nod* u of tisbor pieces 



no lon>-er then sixteen foot, t*w> stool plate* perolt the t« ruina- 
tion of each wood seieber at a rf olnt nnJ thereby eliminate the 
need of i lUes In addition to Joint oonnrctlone. Alio sa<5‘ prnel 
with lto wool *ebere end ussot plates becoaoc * unit to which 
can bo added el silar unite In tenie to crovide adaptability to 
different s>*an lengths. In conjunction with the uee of stool 
russets, it ie oecesnsry to eo^loy sheer ■'lotea an t>« f a«nn* of 
transferring stress froa wood to steel. This device Itself offers 
• furt v er ndvaotn’e In t at when it Is Installed It lo flush with 
the fa co of the wood me-aber and doss not rotrude like ft# split 
rinr. Thus a joint env be martially bolted in and the regaining 
neuters can be slir ed into nleee between the ussat * latee at * 
later t.lmr in the creation without any difficulty. 1 Used venture 
in usi*" steel at the joints io that it does not have the ability 
to auoeeasfully wit' stand high stresses of short deration ae doe a 
wood, 3on*e?uently though nn Increase of 100 per cent In allowable 
stress la *-*r-«itted for impact load* in wood, the allowable* at rose 
In sto«l ie unehan-ed whether 4eelin~ with Impact loads or U oe# 
of long-term duration. It roaaln© to be aeen whether this situation 
will cause any major trouble In obtaining s suitable design. 

In order to meet the requlrar ants of vary! n? stress oanaolty 
in tie different truss member* *nl at the anise tlan realise standardi- 
zation to the maximum extent, a single wool section several of which 
could be fabricated side to elde to afford different load capacities 
would offer the ideal solution, tilth this consideration in mind, 
preliminary member deeltpn# were attempted employing severe! basic 
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timber sections. *,t tV OJtaet it was ilsaovared t:at tha oonnea- 
tiona required a o ••erativaly large mnbsr of s«»ar , l*te». Jn 
the Lntaraat of oaintaining a reae-nably a all iaaat lata area, 
two rows -f connectors instead of a siivia row at the nils of t' e 
■aabcrn was indicated. T» is auioantioall limited the basic a* bar 
to a ainimrt width of 13 inc v ee (nominal) to «ccotaao u ».ta 4-in.oh 3h»«»r 
plates. dinoe as ‘bars of rentar width are mors liffiuult to obtain 
in f iafitity, verioua t-iokn*«a«8 of 12-Ine< ’~len«s ware <*irat in- 
vestigated. Preliminary analysis resulted in the following conclu- 
sions. Tha ?** by 12* Is struct trolly too a~»all. Tha 5" by IS 1 * , 
because of ita M^.h t/i ratio for tho Is tha involved, results in 
tha oo^fraeaion me barn bain Iasi ned as Ion. cnl4«ne wit) ccnaa— 
quant nee ar allowable atrassea. Tha 4* by 12” produces an int-r- 
nedl-te colman condition for the to o erJ end verticals a<>d at tha 
same time has a load crpaaity swell enough to ma'<a multi laa of t v a 
bealo ••‘•tbar electable to a wide renja of truss stren. require e ta 
wit out wironeonshle ov rdeai n in any articular situation. '\urt)'r- 
sore, because of t v e fact t” *t t' « 4* by 12” la structurally '’eae l» 
an olao is tha coae section from w'iih t*'« dec'c ie oo-iatru-ted, it 
la *•> • x^e- tionally ffvorebl choice fro* the lo-iatical s-> isidoration. 

The pralloinwry computations 'loo resulted in two additional 
concl alone *hioh ore incorporated in tho eubse «j-<t - *»r deal 7*. 

The 4-inch e»-er Intee «e patented by th« i-.w- n 1 «»ri • >*o -ny, 

aeMn'ton, . J. , »ve central hubs to la'** eit'^r t' ee- art*-® 
or aavan-e l r*- the inc bolts. ow»v#r the increaae of ifty -er ce t 
in t ; >e 0 art value of the o -er late «*on *081. nl • f • r »xl* 

Ion )• of l»aa t an five -1 -Kites d wtlo causes a* nr in era- t’ a 

'•0 
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a^ven-ei , htha inch bolt to be critical. In order to fully reaiiza 
the hleher load c» *?ity cf t’** s -late it is neceawary to in- 
creeee t*-© bolt sire to on© Inch. This in turn provide* ore 
bearing eron batveen bolta nod - isaet s late* and <*on»n* K>ently er- 
• ita the uimi >f tM .nor pie toe t'an would ot v «rwie© l>* re-ulred. 
*l»o it waa found dor In tM •’roU.minary invaatl ation thet a re- 
duction of the parallel to rain or cein • of eV“ir Into* to the 
>■ lnivum 5 inches la advents- eoua In reducl t'© area of the uns-t 
plates. The oontr ction of t ha a’aclT* to t>ie J-i 03 * 1 -inieum ia 
per itted at tie ex ease ©f rrchicin, t»-e load value of the »' •• r 
, lttoa to e«v» ity-f5ve er cent f teir full value, -'inoa the 
a »ar latee co 'ur in two rows and on cth faces on l ere t v erefcro 
reed in even aMlbir-les cf four, the contracted e ©clo in soao 
caeca done not re «ire any inaraaee in tM no iter of e' ear Iniaa. 
' p urtbemor« the J-inoh n. aelnr ad do mot*"* feature of uniformity 
in t' • overall do* !• n and thus aienlifiaa the borin- of bolt holes. 






Mlo table Unit ..Lressoas 



ood - 

Tension *rollel t.o rein (t) 
Jcapression parallel to '■rein (c) 
Modulus of elasticity (• ) 



i6oem> • *i 



Im^O r ei 
U50 poi 



JtOfll - 



oh#ar for unfinished bolts 



1=55-00 pel 
26l^j pel 
27000 pel 
2>+000 pel 



Searing for unf ini shod bolts 
'xiel tension on not section 
Jom reasion in gusset plates 



Assure all members h* x 12* (As Al.69 *q Sts) . 

Use l/2" asset Is tea throughout. 

Use A* sr.nnr lates with 1* bolt st 5” spaoin throughout. 

toed o' art value of one A* fl u osr "late (wood-to-steol) 
for ans;lo of load to grain 0 dagrsss 
6.5 6 k 

Inorsased capacity of one shear elate »hen deoI~nin? for 
dead 1 q*mJ plw* live loed 

6.56 x 1.50 = 9.SA k 

Reduced capacity of on* s' ear plat© at 5" spacin' parallel 
to rain 

9.8* x 0 .?5 * 7.)8 k 

Value of one 1" bolt in single etenr at the two faces of 
adjacent fpsssot plntss 

2 x 0.785* r 1%5 * 21.20 < 

Value of one l* bolt in benrin,,; on half the width of two 
a Haeenb uasot pistes 



2 x 1 x 1 x 1 x 2ft. 1 25 * lA.06 k 
2 2 



<2 



Top Jnor<i - 



r — 

K s /— 

X ft = l«961l Ji = 1.5S11 



7 l jooor-o 

= C .702 / 11^0 X 1.^0 
x 50. A5 « 48.2 



K b“ 1.7390 " = 1.7520 x 50.45 s 52.8 
! ~ 15 T 12 - 45.0 
5.6*5 



* *>.*> 



Assume t5~es3 1 oolucn Kit* eni condition ’'b^j tl ^ re fore iosi ji 
«a intermediate column. 




1150 * 1.50 



[* • j j 



-Z 1 

*• • j c 



k*i 



Try t'» ro>a oC 5 ehonr plites each in both faces a 

total of 12 shear plates and 6 bolts. 



A. Ja*«city duo to ocmpreBSion parallel to f-rsin in woods 
*1.6? T 1.472 = 61.4 k (X ♦ LL) 

S. Capacity hio to load value of shoar plates* 

12 x 7.JS * 86.5 k <DL*u) 

J. >-acity (hi to bolts In eho&rt 

6 x 21.33 = 12?.2 k (dii + LL + IMP) 

D. "opacity due to bolts in bearing* 

6 x 14.06 * 64.4 k (DL ■+ LL ♦ JaP) 

r . Capacity due to co preaslon in 10" eft active guoset width* 
(10 - 2 x g) x 1 x 24.0 = ?».5 k ( {, t LL 1 Ik ') 

Sime Uniting eepnsity of 84.4 k ( L •* u, v if) exo* da 
11*1 ting oapaoity of 6l.4 k ( L a Ll) by s»r« than )0 , Ux» 
latter ^oecma. A kiniau* of two basic Jio-Lar jsI t* u d 

to setiafy tha requirement for a spaced oolurjn. 
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tottoa 7hord - 



Try 2 rows of h a ear lebes nosh In both 'no*# •anrinj 
a total of 16 shear olataa ani 8 belts. 

k. 7»; • 3it/ iu« to allowable ntr*aa lit wood at i *ter -wdlat* 
••at Ion i 

M.6? x 1.6 x l.jO as 100.0 tc ( 31 1 I»L) 

■ . Ja^aolty duo to alio *eble etreva in wood at .et aootlcm 
(*1.69 - *-i = 34.4 k (5L4 11) 

7. ’o^neity due to load volt?# of sh^r nlntosi 
16 x 7.53 * 119.1 k ( L ♦ LL) 

. }ai«*alty due to bolts In shear* 

8 x 21.20 = l6?.6 k ( )L t J.L ♦ J ) 

. 7a. nsity due to bolto In beerln’t 

8 x 14.06 = 112.5 k (3L 4 tL * l:« ) 

F. Ospnclty duo to tension in 10" effective -ueset width i 

x ,1 x 27.0 = 106.5 k ( n. 4 l-L 4 II ) 

.incte 11/nltinr oapnolty of 10‘«5 It (QL + IX + It) exoaecia 
Halting capacity of 84.4 k (IL LX) by only all htly lass 
t» an 30 , oaneider the latter governs. 



(io.a«g) 
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€ xi 

X T- X 
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- . Ja**'* F ~>-K 
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\ , / x | -v i^y x 
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„1 „l,.rr 



lJ4f:w4\^l>4-r ! 

* 'V i ) ' * X '• V.L- 

L> ±Z 



T' 

t 
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t i 

JL- 



• * * T v* 



la on.ls - 

Jlnzc * str**e lu •*.: '-*! • is ta sirn, t><* e* “a t^sic 
** ber a- that in bottea chord ia used wit’ liitin_ capacity 
ol V k ( .* ■* LT). o-.' Ver c< ••pr6s*iv® counter streat-ee 
.ay be <1* sloped and therefor* It* lireitin,* capacity la co«- 
pr*-)?ion lust bo J 'terained. 

I~i / i .sooow) 

P = C.7C2 / c - 0.702 / o ’ ” “ ~ 570 

X = 1.5211 V ~ 1.5*11 x *70 = 59.0 

A 

r b *s 1.7520 = i.7>*> x 5 T .5 = £*.6 

j, - l’' X 1? t 1,'1' =^0 

d 5.615 

8*uao sensed colunn with and condition n b'*j therefor© deei n 
■ s int*r-*-< diets oclunn. 

3< = « [* - i ( ^r )A ] * n 3 ° [' - \ <$#*] * °- 6 » *•* 

*. .’’apeeity due to compression ~nr*illel to rein in wood* 

b 1 . 6 ? x O.855 * 35.6 k (Ob * LL) 

Li^itin- velus of 55 .6 k (DL * U.) sbvlcucly c worn* over 
11 iti 1 v sluoa due to b v >ar piutse, bolls, etc. * riniaua 
of two b«sio -“rbors ruist be usedtc •atlcfy r*qui r^ient for 
a spaced oolu*ei. 
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MEMBER DE3IGS 



Verticals - 

3inoe main stress in verticals is compression, the same 
basic member as that in the top chord is used with limiting 
capacity of 6l«4 k (DL + LL)* However tensile counter 
stresses may be developed and therefore its limiting 
capacity in tension must be determined* 

A. Capacity du? to allowable stress in wood at intermediate 
section; 

41.69 * 1.6 X 1.50 = 100.0 k (DL + LL) 

B. Capacity due to allowable streec in wood at net sections 

( 41,69 - 2 X 7.54) X JL. = 84.4 k (DI. ■* LL) 

752 

3. Capacity due to load value of ehoar plates t 
12 x 7.58 = 88.6 k (DL + LL) 

D. Capacity due to bolts in shears 

6 x 21.20 = 127.2 k (DL + LL + IMP) 

O. Capacity due to bolta in bearings 

6 x 14.06 = 84.4 k (DL + LL + I) ) 

P. Capacity due to tension in 10" effectivs guaset width; 

( 10 - 2 x 11 ) x I X 27.0 - IO 6.5 k (DL + LL + I'vP) 
l 6 2 

Since limiting capacity of 84.4 k (DL + LL + IMP) obviously 
governs, eliminating the impaot portions reduces this figure 
to a limiting capacity of approximately 65 . 0 k (DL + LL). 
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Urn. A J, ij k . , ikjkj 

Nvmbar of basic components required for various trues members. 



52»foot span 

2 2 




78-foot span 

2 2 




lOA-foot span 

a z 4 4 




150-foot span 

2 4 4 4 4 
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HSW* DRIDX rTJ3JL3 

Number of basio oompononts required for variouo truss members. 



52 -foot span 




78-foot span 



Z 4 4 




lOA-foot span 




150-foot span 
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• r ru*»o * tai 1 a - T* r 1 «■» of t v - tru-s Ao 4 n i 
virt** 11 ooo*l*t%d at tMs eint. It r* "ine to ietar In* t o 
of f sbrisHtion. ir*t l«t us eo* si '©r tt • lowr c*r>rd 
russ*t lrte (i 5 ’!"’. 5), It ' *• b*<m dot ; In .1 sll us* t.o 

•ill b* oo slf i ijh t v IcV:. Tharefo**© only Its slier© «.nd 
unoMn sc’jedule la now required. '‘11 lo «>r c' ord Joints «r* 
st&ilar ixcept Tor tVs cantor JclnV +\re ti ©re sr* two ill o- 
nsla iu*t«* of o no. It 3 s iaornriicat tc attempt to ten^ th«j 
f leer-'W"'- ’ rite tin v*rti'*nloj so t »y <s»»»t bos r directly on 
to of tho 1 osar a ord . usasta. Th«i*a will b* a floor beiw on 
• lther side or t*' * vortical, ^cnocmartly t'i unset met t«v* 

» lori^oatnl Lop eJ-» that oxW.fa at l • t ourte»n tc sixtesn 
im'e* oxtails *d * o' V r ver* Jrsls. A* 6 r suit it is 
r* **:»!• 1 * Lo La 3 itc zc Si ur«blon or. tha cantor joict wit two 
'In on* Is and c or stand “’izat ion bn us* the a*m© pint* »t all 
loner c'orl Joints. 

*®xt la the onnneotlon f tho floor-b* s to t truss*- a. 

In t! " *f t • llj-Vt l*ri t 3 t •r.J nr© tw 1°“ b l'l* lo *r» 

bo - *# "Mo* li* on »1D aid* o-' tb» vertio«*ls, or - >avf 

briW* * t' lri l'*” * 1^' elioa »own between t» © two outer be»«* 

• 1 th it® ?nds fsoln*' t* verticals. To •''fori m B®ti* , '*otory 
beorin surface, * U-«lo *d ►•If Inch *>l*te (fl . *) Wet slips 
•round the vertical eiJ bdars on l» • top ©d-e* of tho 1ov?r 

‘d - iss-t* Is t ie )**ll in "QBitJon by 3 ja\ 1 an l*n 

t'«t sure it to t*** assets. T o Into -s a s «f ciant *.l 1 th 

on t 1 ' Jssld* of tho verticals to s©*t th* aid 11* floor-bewe in 
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Fiff. 5 Typical Lower Ohord Joint with Stiffeners 
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Fig« 4 Floor-beam Bearing Plate 
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the heavy bride®. In t)c*e 1 • > ® v *® th® bottom chord 

1* th* •■aw t'-tM f l*-n*** a* t>« v#rt3~-»l H la recenoer/ to 
bolt t ' i» lea t j t^c i ieide ace o* the vertS<?*l U revile 
» st : f*®<-#d * -et •rika e-p-t, *hrrp tl * octtos e‘ erd 1* ! «r 

t v nn t • v*rtis 1 t f « Interior ueset euprofts tV® P'rt Ter the 
Sfi'-'T "loer-Loaa. 

he U“i«r chord jclnl.e rrc ale© *J.t alsd l»r *ith th* ex- 
emption c-T the center joint. tf®tn « einql© gueeet (Fis;* 5) 
will to un®d 'n t>« internet* of uniformity dor, it* the font that 
15 oi - ► i 1 1 >9 j rotnssiom* r t ih> r end end joint*. 

*ffnr emotion th •*ir>«r^lt»c.js "ortions nould be burned off If 
it v*!"# »* «ir9d to innrovo to® v? *arr nee of th* *trnture, Thou/b 
tho ;*■* •■> o rt to* .t«»»t 5e ' l».hly irregular end will be expensive 
to nut cut. It it* ’eened i»dvs«rvt* ecus to taniee It eo *»rtd thereby 
reduce it* 3 *>«•., 

"I; Mete .:j?b.»r3 arc sho<n in T ir. 5. Ill true* r. 

eubjoet to con reaMra 8trv»*«e require spacer blocks «f eon® -ind 
at t v >--*. 1 , 0 .' Wet *®*n ®ah of the bania mother*. 7ba blocks '“re 
hell In Ipio t *■ •* fcolte *r» 1 n»usH* thg component tav-bere of tie 

apaeed oolwsn to act in uni eon under Jtrtsa. The s - .no:r blosha 

mny be elt' *r of ood [lerod down to half inch thiair*e*j or a 
half-inoh drilled steel ntrap. fh® top c v ord and vertical rxr osr* 
ore primarily conproaalon ner bora; oo V+j re'.uir* e eoor Moo. a. 
Sinee eons ‘laicnal* are nuojaat to counter c« %rrrs«ive «’ roanee, 
they toe « ! M* ?•. ’rlHai '’or a ooer bloo’* bolt*. ’<« 

chord* of t 5 n »<tla t v *e** , tlo , »Ily * «va '• . ‘O' vor 
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Pig. 5 Typioe.1 Top Ohord Joint 
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Fig. 6 3aoio 4 tt by 12 N Components 



because their aeomuhiry fitr»*e«e ml-ht be eo«proenion, they rcust 
be provided with epsi*r bleokn. The conolueion ia tint in fabri- 
cation ell beaie -**! »ere will be drilled for two bolt hole* at 
t r, *ir rteot-rej b*er» after •jrotion all t man •vwabera «x jo ‘‘ tin,* 
tho interior bottom, chord will be fitted with * ace** bloc* e. 

fho top o'rord as-'Vra wore doai'mad under the scem'tion 
tbefc en*h to chord *ftnel point io l*t<,or*lly oujperted to r»vr t 
bucteXin-. Lateral support sen be provided by extendin' one of 
the flocr-Lor-n* thro* i f end beyond the trues about e«ve i feet 
end t^en 3netnllir*» a 6* by S" bracin'* strut froa» iu8 end to tie 
top chord. ’'bin errcve * it can bo ease tpllehed conveniently be- 
cause of tie double flocr-he”ee. The l? n by l'”* on one si »e of 
the vertical in articled Vrou-h t(*« ri hi true* rm the ot ©r 
1?’’ bv IS” thrru-5* tho left truoe. Thun the vaxiro m length of 
floor-beau needed <e tho co t*r-to-eanter •*»#». r», of the trujeos 
plus seven f«*et weereec a ein-lo piece floor- bees* would feivs to 
be evfcended **t both ende sad be older, being hu~e in eeotion w*uld 
be owtroTutly lon*> Kcr t^e heavy bri , e tho lr eat loor-b*,«* ’ > 
tho ’•'roooee i t’ealee ie a 12" by l pn twe- ty-si* fo t l*n« * 5 oh in 



not unrooeon SXe 



VI, SUWUTIOK ’^D 3f ‘ILUSIClfS 



Tho problem involved in this tfcaola 1* an •valuation of th« 
■ltltnry timber bridge recuirnns’rts for the J. S, * rin* Corps and 
the evolve -»nt of e ••liberate ulan by vl lot thesa raculrs-aant* can 
ba moat affs'tlvely ret, Ths evaluation its intended to answer t> a 
quo st.ic of >•« et iiffsrent tiabsr brid^as ars needed with regard to 
varini ion In load 1 lmits, typo of oooatruation, nu .bsr of lends and 
•ran lens ths. Thenco tb* plan for astiafyinr ths roruir* loots en- 
cosmssssa th* Jos! n of all t.hn essential airootures with spools! 
attention to fn iiiit«»tio th*ir rro our* cent , supply and ©motion by 
noons sf ot»r.Mr . i-* , ion ond uni Tomitv, 

T^c objootivo as ori-isirlly stated is *to -rodesivn as fter *e 
practicable th- s*mi«oQP» "sent timber brddrse *. ,loh ar# met coomm- 
ly omrlorsd by ths ”, i. ' •riJ* Torre In military oooro ti^no Bs»Jord« 
in? to t'- vermin *- and of traffic oo'pcjty, loM ca ecit/ 
aits condi lipnv> rod tc Jetercina extent to 1 Jo’ atsnmri* sotion 
of eonatructlon ’©t^ilo, etruotursl dost;'. aV o* • crv*nt anteri-lc 
required lu feasible.* 

A study of the bri ley* rwquir^'nts indlontod that ths tyoo of 
construction asst frsquontly needed Is ths trsstl« brides. 

On infrequent cessions where the cits preclude* ths installation of 
a tl »ber trestle brid^o, « tl -her truss brid-s would ba nrofitobla 
in avoiding th • use of a more apeeiallvad prefabricated astsl brid~# 
suoh as tho Srilsv. It was further concluded thot two different load 
capacities -ould »s r fico to proviso p*»KS -© f^r all oeo\bst, 

7ho lighter cnpailty, nominally V5 t*ns, lo be«*d - n tna tyvo tank 



na t^a lialtin* lo*H. The 1 'eviar capacity of a- roxleetaly 55 
tons neraita aaen • o ** t’ *» t<*nk sa the moat aevre load, 

•V> Tard * n" th* m»ra?**r op lnnaa it we- decided that a ain-le-lane 
roadway In tV» mora usual require ant but the 'amend for a iouble- 
lar) - roadway la fraq iant anou-h to warrant lta Inclusion In tho 
«t*»irn. 

The attack of tha da»l n nroblara was preceded by the formu- 
lation of the daai”*n criteria which would ovem. ?b« *4 *nd ’♦#> 
tonka »*re ndonted without npcreaiablo ohnn< T e as the deainn ve- 
hicles for the 11 'ht enl heavy bridges, roa» actively. Sasad on 
l* e actual ov»r«ll widths of the deeim tanka an 3 arbitrarily 
chosen clearance*, fa racuirad clear *<i !t> n of r*>*dwoy wars ia- 
t«rmi ad to bo twolve and one half foot for th? si vla-laee 11 -ht 
bri:J»a, twenty-two fast for the double-lane li-ht bri If©, fifteen 
and on* half feat for the sin-le-lana heavy bridge and t-^nty- 
al-ht fe’t Cor tho doubla-lane hoary bridge. The allowable »w»lt 
atroaaea in wood wars selected wit* tha aim of anfoly utlli*lnT 
th# majority of atraea- rales of Touthem ina and Douglas < ir 
lumbar. An enalyaie of t<' ■ lo*le ©f various duration in conjunc- 
tion with tha atta «d*nt inorenae* oared ttad in allowable atraaa 
©roved that it la safe to base deal n on two-thlrda ol •■exlawa 
dead '■lua live load unin the basic allows la atraaana and act 
am thereby be l'-nored. The allowable unit etreaees in steal 
ware aeloetod from ••srtinent department of t' dny publications 
end for military application era somewhat moro llbarnl than thoaa 
corree- online in civilian praetiee. 
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In fentral the deal n com ut* tions followed the ienv» tioeol 
procedures c ** accented t,i<eber a if 1 wiring, The only unique feature 
of t k o denirn prooo-.n w#a the judicious selection of member Motions 
to arosiote standardisation erevcr possible. The initial stop wss 
the determination of the anxiaua span for eckn ccr.ai sting of 5* by 
l''" plonks, 4" by 12 * planks snd ? n by A* strips laminated. Thence 
•enernl expressions for the re .uirod section modulus and area of 
atrin ere on a fifteen-foot span for structures hnvinv plenk or 
lsaineted decks snd one or two troffio lanes were formulated. y 
the use of those egressions coupled with considerable trial end 
error, It was found t< nt t v s most sdvnntnaous aoibinetlon of dec , 
stringer section and stringer tuacing is a by 12" .lank deck «nd 
fi* b : 16" etringere at s relays of snd 22" for the li»ht snd 
hoavy bri«re«, respectively. This w»sns t^t nil bri- es -tthin 
t-bo mors of t is inv»-*ti, ation, retardlees of load co ecity, number 
of l«nes or ty?o of construction, will ev f exact same dock end 
t* - ® same miz'i strinrere. The only dif ' eronco in th li»ht nnd l< avy 
bridres o* eit <cr width sol nny mode of construction is the o, acin - 
of the strirv ers. 

The deei'-n of the trsatle us ts would 1 *ve been t e lories l 
s'.ruatural comr-or.ent to invetliele n«xt. . o - -vsr it was felt that 
the * rous variables off* ■'tin t r »lr desi n av« little r r •■»ise 
of -rofitobl* ntmdar ir»tion. lo«tse- uo tly the curre’t ;*rsctloo 
of rrovidln h«s7/ timbers of lO* by 1 " ize a id larger tr serve 
es sills, 4>sts cn s as • me ted without an «U« t at Im- 
prove—* it . Thus the efforte toward sbn*»dardlr*tic n mm i»ht fert«in 



dir«ail> to t » trcBtl# tear! J a» wore c - ' lated, 

sc tin • wlon o! th • deeln afferts l*'t© tV»w ofsronent* of 
t.-- tru > uirustur© .»# und©rta'-«n. Dacauae of the unr ea:m*ibl« 
l:t» ©actions that a al j9 reel lr«d j lor loor-ba*. >© it Jrutli- 
l*ae iru • of t • licht ©« wall a* t'*« ’ *uvy lo« i o*» caity, 

th© 1«ai. v n o*’ f ,nn» brii,©* mo limited to those of Bln .la-l^na 
width cnl>. The investigation of f loar~b®a <;« resulted in th© 

«.-l ition o'” & 12 by IS* ©» the wont * ro rinte jr’tiors "or t a 
• ar, o»e at Kind. vvili?tng two of t ©*• beam© ter 1 *'©ini 
noeta the floor- .era rejiranant for th© liiht truss bri i-o t .l 
t hrre c* a o.‘ i »r-<at .action sarve t v ** imn oae in th© 

h^evy tru«a Lrli..» Thus oily on© al”e iiauor is ra^uirel to par- 
lors th •'urntio n of t loor-barw In altiar th© 11 t n r ' ♦tv / 
true© b«-i ©. 

T v a >*'9ai/-n U * various length tni3 «s ^or bo** •*** M^t 
end h 'iiT./ bri< as wan t**an unartofsn. f ( o tj e of truss t-v?i' od 
u*on ns >iZ<r . rJ • u «t >rc »i«iv col iticn i” n 2 Is 1 ' - 

chord .* at t th thirteen- foot H*i'ht er.-* ®nel length, ’ t ®i»t 

!* not#* t'#k A** t yin# t5«» ’ rwvioual; selected -trli *•?•» on a t^- 
foot alerter « ©i re ilto in n »li t 'e ro© of ov». « i n. ‘o — v«r 
It oa * -a re. icr 4 j x, n «r#lt ii©*i fc *i a*:;xumy .o iva **y tc tb« .1 - 
wen la o'. atflVai ixntion to t>i« extent. 

t"t r d*t-.ncl iini th© ©tmasee In both li ht * ~vy truss©* 
up to a < r> of l^O f«<ot t ti« *• jera wr» ian'. /nod -r-dj cried cn 
tile , Inn of k Bl; ; , a sin le hanio emotion threuj} out *11 truaseB, 

The >len ?e« turee tha ura ©f bncio ooi*. ©nont lcce« j l <*• cy wide in 



• rum bar efficient to m*«t t^e required member atraas. Steel 
~usseta on the oi.laide end bet wn each of t' a csi&.onent places 
tr-^aait the -traces nt a joint In -. n junction with t<»a uao of 
•hear • l*t*s as oo^-neotors. De beeia -action *in«l ly a looted 
ia a H* by l?’ -•■ic* ‘ntails no ad 15 lion to it**-o tr*ody ep -*>Ar- 
in n the :*■ osite ill of materials, for It in the vry »<um 
aaotion ound In the eo’<. air.ce All tru*s a«Sfr» sa*i be de~ 
rived fr^a sirteon foot pieces ord the dec* of tha heavy bridge 
ia sixteen feet vide, V by l 1 ** by l6‘ places any bo provided 
and used lndiaoriminctely «a sither dec lacks or components of 
truss neibera in eiU ar wsi/ht close bridgo. 

Tha li-iting values of the 1 * by 12* 1 benlc loco toed as a 
oompenest of to o>erd now bars, bottom chord -barn, vortical 
members an’ di»-orml members wore each determined, Tfonce tlv» 
dest-n of nny true*, li ht or heavy, short or Ion®, c'msistn merely 
of dividing the *» bar streee oy the sp iloebl® limiting value of 
the by IS 1 basic pi:e# to determine the sire ~ oer re-uired. 

Jn order to avoid joint eccentricity of unknown effect it is 
deemed advisable to use the basic components in even multiples of 
two. 

Three lifferent steal latos, all ef hal' inch tMc’rnesa, 
aro r^nuirmd in adlitlon tc tho wood *■ *>bcr to co< late the trusses. 
One plftto serves as the lever chord . unset, another is the u par 
ohorl uosot end the third n bearin * late for tho fioor-be«. * , 
These plates serve t»eir purpone in eit’ 'r t ie llrht or heavy truss. 
Another ^aetu-o o* Bt*nd**rdlx"ti©n incorporated in tk-* truss dosi *n 
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ie t 1 < t o* uniform li^ : r «!b»*** c rwto ej a *5~inch 

oin in ...,i t re* O t I t pir-iUs! ',n *ro1n anl -.erpond j- 

c*l«r to r-lir. hi* will n> douH t >•-■» roborinr of 

th» >' jff) -* «y el to .lf. f n 'in„ls ^ i *t— ?*“ 'or tb» »>ur- 

o- - . 

'ini. **^**i'y •« vh* *■ cnee of t v « *>roeei1ur>3 relieved 
anl t' *• »t* -by«st«,- results. 

It !• t; o. i.*io ■ ;,f t. • >.ri‘-er t "t t.b* fVV’ill «nt of 

t . r ? in 1 ob'enlfv® i , '* v> •> -ns oo-:~.l#»te witMn the ,*>v«re 

cf V 3 ' ’ ^aia t> ou 1 I* roMs ro • *j to**«r.! ita ottwinsee-.t 

l ?* 1 • i v, i c'os • 1- r to >f *.» “ » i nt »i ,ber 

bri* o« *3' T" e-*#t •. — .nly In-*-? >v t’« . ’-rin >oroe 

in ari«r*»i o* 1 * vo be.in *-rn l«*i n ■ ’ c .v->r 

t v -’rn • r - -v«r*l i«s-«il* in’, jtill *c "o »l o'*n, or 

lw»t*oe*r, ; t * trootl; brii • , • »««5 n f it • frr 

various r-.* e© i*. ••5>vull >* fi.nvtd u.o j j*rr« i>; -+*t- 

v*r ie^r-te o' » *> • ’'ce^icn fe> ’-lft. I- t r * ivi ? t « trues 
bri** -»», *■> ..in'” 1 iter "tails of l> e tr- • * n.ri v- nr* v* 4 * be 

wer' ' out. ' V> 4 r *rl to *->l r? 1 - os, b*rdi«<re r<* -ir* ^mte need 
t be 0 ^ 1 to d<tn<lo.i lr«/in,a ° a, bill c f • i-erlnle 

on* -or»t*4 i • ’ vroctUn wo'.oiui : ■■• cv‘ •*«!. 

0 » fe**' *-»a c r ■■'u'" >J« ?}--• on **• • . ’ '«d in t* * ’■■o-’osod 

io»; i 1 *r- "T to r • r* » '.t c- . - o r-e 5 t’ ” hi* of* •n r ‘ ly- 

inj * n * !«*r oi ■ cire.it t< ,'^r ’iA«n fr-t. • 3 variety 

0-’ bri ' t. i',nsit" roa nould V» *r»ot«l. • ; lr«- -ilit*--' o: -rs- 

tion In . ie^ «trd*o»-cro8ni« e nr* • tioi'»‘*e 1, tv« tillodn.* 
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water! la ooild be roridedi 



?* x l? -1 x r« • 1 t v a 
4" x 12" x 1* 'eat 
h* x l? rt x 1 • feet 
S" x 16" x 1* fe-t 
l'i 4 x 10" x r« id 1 ** l’i Us 
12" x \ 9 * x rn <Aam l*a tha 
12" x x 1* feet 
12’’ r 1* 1 x 26 feet 
1/2" sts-1 y !*♦.•« • a wn 
i r l a. 5, A, *nl 5 
4* r**r fl-’tsa 
1" bolta ani nuta wit> waa> are 
-irt*r ’ ore iniluJIng nail’, 
bolta, fS^t nine, etc. 

iib U-a*-e ‘atari*!# bM «nr*neer in t • fl- ld, using tie rerosed 
deal -ns, would be ’s a >1® o'* j#®tifb a wile ra e ol brlJ In 
ro>l- a. 
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